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ABSTRACT 

The  report  describes  the  stratigraphy,  igneous  petrology,  and  the 
main  features  of  the  structure  in  the  Quartz  Spring  area.  The  for- 
mations and  the  structure  are  shown  on  a  large-scale  topographic 
map  and  in  structure  sections.  The  Quartz  Spring  area  covers  about 
•t0  square  miles  in  the  northern  part  of  the  Panamint  Range,  Inyo 

*  Geologist,  IT.  S.  Ceological  Survey.  Ph.D.  dissertation.  Stanford  Uni- 
versity, 1951.  Manuscript  submitted  for  publication  April  1952. 
Publication  authorized  by  the  Director,  U.  S.  Geological  Survey. 


County,  California.  It  lies  near  the  southwestern  border  of  the  Basin 
and  Range  Province. 

The  stratigraphy,  except  for  Quaternary  deposits  that  cover  about 
one  fourth  of  the  area,  consists  of  Paleozoic  sedimentary  rocks  pre- 
ponderantly dolomite  and  limestone,  representing  each  system  from 
Cambrian  to  Carboniferous,  as  outlined  below.  No  surface  of  erosion 
(unconformity)  has  been  recognized  between  any  of  the  formations 
or  systems  within  the  area. 


Feet 
200± 


•Tihvipah  limestone — Pennsylvanian. 

Limestone,  somewhat  shaly 

*Rest  Spring  shale — Pennsylvanian  (  ?). 

Olive-gray  shale,  siltstone,  and  local  quartzite  .         310± 
•l'erdido  formation — Mississippian. 

Brownish   siltstone,   dark-gray   limestone   and 

chert,  some  conglomerate  and  shale 610± 

•Tin  Mountain  limestone — Mississippian. 

Conspicuously   dark   gray   limestone,   shaly   in 

lower  part,  a  little  chert 47Si 

•Lost    Burro   formation — I'pper   and    Middle(?) 
I  Devonian. 
Light-  and  dark-gray  dolomite  and  limestone, 

thin  sandstones  at  top  and  bottom 1,525 

•Hidden  Valley  dolomite — I/>wer  Devonian    (05 
feet )   and  Silurian. 

Dolomite,  cherty   in   lowest   part 1.36S5 

Ely  Springs  dolomite — I'pper  Ordovician. 

Light-gray  dolomite  in  upper  part  ;  lower  part 

conspicuously  dark-gray  dolomite,  cherty__         940 
Eureka  quartzite — Middle  Ordovician. 

I'pper  part  massive  vitreous  quartzite;  lower 
part      somewhat      shaly      and      ferruginous 

quartzite    400 

Pogonip  limestone — I/ower  Ordovician. 

Dolomite  and  limestone,  some  shale,  chert,  and 

sandy  beds 1,440 

Nopah  formation — I'pper  Cambrian. 

Light-  and  dark-gray  dolomite,  shaly  limestone 

at  base 1,600 

•Racetrack  dolomite — Middle  (?)   Cambrian. 

Graj   dolomite;  some  chert  in  lower  part 1,900± 

Total  thickness 10,765± 

The  Paleozoic  rocks  have  been  deformed  by  thrust  faults,  folds 
related  to  the  thrusts,  normal  faults,  and  small  intrusions.  The  age 
of  the  structures  cannot  be  determined  here  closer  than  that  they 
are  younger  than  early  Pennsylvanian  and  older  than  Quaternary. 
The  only  discernible  effect  of  the  structures  on  the  present  topography 
has  been  to  influence  differential  erosion. 

The  largest  exposures  of  intrusive  alkalic  rocks  in  the  northeastern 
quadrant  of  the  area  are  not  more  than  half  a  mile  wide  or  2  miles 
long.  The  alkalic  rocks,  in  dikes,  sills,  and  chonoliths,  are  character- 
ized by  abrupt  changes  in  texture  and  in  the  proportion  of  matic 
minerals.  Most  of  the  textures,  whether  granular  or  porphyritic- 
granular,  are  also  trachytoid.  The  proportion  of  mafic  minerals 
ranges  from  3  percent  in  leucosye-nite  to  42  percent  in  the  ground- 
mass  of  porphyritic  aegirine-augite  syenite.  The  degree  of  saturation 
by  silica  ranges  from  undersat united  nepheline-syenite.  through  satu- 
rated syenite,  to  oversaturated  aplite.  The  most  abundant  type  is 
trachytoid  leucosyenite,  which  consists  of  about  07  percent  miero- 
perthite.  Much  of  the  microperthite,  which  is  the  most  prevalent 
mineral  in  the  entire  suite  of  rocks,  is  a  late  partial  replacement  of 
orthoclase  by  albite.  The  other  rocks  described  are:  inelanite  nephe- 
line-syenite, hastingsite  nepheline-syenite,  aegirine-augite  monzonite, 
aegirine-augite  monzonite-porphyry,  aegirine-augite  syenodiorite, 
syenite  pegmatite,  nordmarkite,  and  aplites.  The  most  favored  theory 
Of  origin  of  the  alkalic  rocks  in  the  Quartz  Spring  area  is  that  a 
late  differentiate  from  a  quartz-monzonite  batholith  was  desilicated 
on  passing  through  much  carbonate  rock  and  late  magniatic  fluids 
deuterically  added  soda. 


*  New  names. 
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Figure  1.     Index  map  showing  location  of  the  Quartz  Spring  area,  Inyo  County,  California. 


Qiartz  Spring  Area 


INTRODUCTION 

The  bare  mountains  around  Death  Valley,  such  as  the 
Panamint  Range,  are  a  magnificent  display  of  rocks  from 
the  pre-Cambrian  to  the  Cenozoic  in  a  complexity  of  struc- 
ture. Only  the  broadest  outlines  of  the  geology  had  been 
known  aiid  little  of  it  has  been  mapped.  Tn  the  vast  dis- 
play attention  was  focused  for  this  report  on  a  small  area 
that  extends  westward  from  the  crest  of  the  Panamint 
Range  at  the  northern  end,  and  that  lies  around  Quartz 
Spring.  From  it  has  come  a  description  of  the  marine  sedi- 
mentary rocks  that  extend  from  well  up  in  the  Cambrian 
system  to  partly  through  the  Carboniferous  system,  a  piec- 
iiig  together  of  these  formations  into  a  stratigraphic 
column,  the  petrology  of  some  alkalic  rocks  that  are  rare 
iu  California,  and  the  description  of  a  sample  of  the  struc- 
ture in  the  Death  Valley  region.  The  distribution  and 
structure  of  the  rocks  are  illustrated  in  geologic  sections 
and  on  a  large-scale  geologic  and  topographic  map.  The 
stratigraphy  contributes  a  local  standard  in  the  broad  ex- 
panse between  two  localities  where  the  detailed  stratig- 
raphy is  known,  the  Inyo  Range  to  the  west  and  the 
Nopah  Range  to  the  southeast.  The  local  standard  has 
been  adequate  for  mapping  detailed  geology  of  mine  areas 
and  much  of  the  regional  geology  in  the  1'behebe  Peak 
quadrangle. 

The  Quartz  Spring  area  lies  about  4  miles  south  of 
Tin  Mountain  on  the  northern  tip  of  the  Panamint  Range 
in  Inyo  County,  eastern  California,  and  is  just  within 
Death  Valley  National  Monument  (fig.  1).  The  area 
(pi.  1 ),  irregular  in  outline,  covers  about  50  square  miles, 
and  extends  from  the  upper  part  of  the  eastern  slopes  of 
the  Panamint  Range  westward  across  the  rolling  summit, 
and  beyond  Racetrack  Valley  into  the  foothills  of  the 
Last  Chance  Range  (figs.  2  and  3).  The  area  has  a  maxi- 
mum relief  of  4,200  feet,  rising  from  4.200  feet  above  sea 
level  in  Racetrack  Valley  to  8.400  feet,  north  of  Burro 
Sprinsr.  (See  pi.  1  ). 

An  unimproved   road   extends  from  the  Death   Valley 
paved  highway  at  Fbehebe  Craters  southward  20  miles  to 
the  junction  of  the  Hidden  Valley  and   Racetrack  roads 
(see  fi<r.  1  ).  This  was  the  only  road  to  the  area  at  the  time 
of  the  principal  field   work,   from    1937   to   1939.   Subse- 
quently  a   southern   access   from   the   Lone   Pine-Darwin 
highway  was  opened  through  the  southern  end  of  Saline 
Valley  and  up  to  Racetrack  Valley.  This  road,  although 
more    direct     from     Owens    Valley,     is    steep,     narrow. 
and  rough.  The  route  was  shortened,  avoiding  much  of 
die   roughest    part,    by   construction    of   a    private    road 
(finished   in    1 951   and   not  shown   in  figure   1  )    from  the 
livide  southeast   of  Saline   Valley   to  the  northern   road 
it    Coldbclt     Spring.     At    times    the    northern     road     is 
'oughened   by   torrential   runoff,  and   the  southern   road 
hrough   Saline    Valley    is   made    impassable.    Within   the 
Quartz  Spring  area  in  1937-1939  it  was  possible  to  drive 
hrough  Racetrack  Valley,  into  Hidden  Valley,  and  with 
lifficulty  past  Rest  Spring  to  within  2,000  feet  of  Burro 
■>prin^.   In   1950  the  road   was  scraped  and  extended  to 
he  east    crest    of   the    Panamint    Range,   about    2    miles 
V.  .).)°  \V.  of  Rest  Spring.  A  side  road  from  the  Racetrack 
Galley  road   was  passable   1.]   miles  to  a  camp  site  near 
Quartz  Spring. 

The  arid  climate  accounts  for  a  lack  of  streams  and  a 
carcity  of  springs.  There  are  only  four  springs  in  the 
Tea-  Quartz.   Rest.  Burro,  and   Tihvipah.  They  are  un- 


usable seeps  except  when  cleaned  and  protected  from 
abuse  by  wild  burros.  No  water  is  available  between 
Crapevine  Springs  in  Death  Valley  and  Quartz  Spring. 
The  nearest  water  to  the  south  is  at  Goldbelt  Spring, 
which  is  easilv  reached  bv  a  road  through  Hidden  Valley 
(see  fig.  1).  Mendenhall  (1909,  pp.  32-33)  reported  that 
Rest  Spring  and  Burro  Spring  each  yielded  about  3  bar- 
rels of  water  daily  and  Coldbclt  Spring  about  20  barrels 
daily.  Precipitation  from  summer  showers  and  winter 
snowfall  is  highly  erratic  from  year  to  year,  and  is  some- 
what greater  in  the  higher  places.  No  measurements  of 
precipitation  are  available.  Because  of  the  climate  and 
relief,  vegetation  is  sparse,  soil  is  poorly  developed,  and 
the  exposures  of  bedrock  are  excellent. 

Prt  vious  Work.  Earlier  geologic  work  in  the  area 
was  cursory.  The  earliest  reference  to  the  geology  of  the 
Panamint  Range  is  in  the  report  by  Whitney  (18().~).  p. 
474  i.  ".  .  .  of  their  geology  little  is  known  except  that 
the  rocks  are  crystalline  and  metamorphic "  Oilbert  in 
the  I'.  S.  Geographical  Survey  West  of  the  100th  Meridian 
described  the  range  merely  as  "mountains  of  upheaval" 
(Gilbert,  187.").  p.  125).  Fairbanks  (1894,  p.  47.ii  added 
little  to  the  knowledge  of  its  jreologv  in  recording  "Lime- 
stone, quartzite,  slate,  and  mica  schist  form  the  pre- 
dominating rocks.  Areas  of  granite  are,  however,  found 
in  places."  He  also  noticed  there  had  been  some  indica- 
tion of  intense  diastrophisni  (Fairbanks,  1896.  p.  67). 
Mineral  deposits  and  types  of  associated  rocks  in  the 
I'behebe  district,  southwest  id'  the  Quartz  Spring  area, 
have  been  described  briefly  in  Copper  Resources  of  Cali- 
fornia (  Anbury.  1908,  pp.  301-312),  and  in  other  reports 
about  mines  and  mineral  resources  of  Inyo  County,  pub- 
lished by  the  California  Division  of  Mines  (see  Norman 
and   Stewart,   1951). 

No  maps  that  include  the  Quartz  Spring  area  have  been 
published  with  more  information  than  was  on  the  early 
reconnaissance  maps  by  Spurr  (1903,  pi.  1  i.  Ball  (1907, 
pi.  1),  and  Waring  (1917).  Spurr  called  all  the  rocks 
there  Silurian,  which  then  included  Ordovician;  Ball 
mapped  them  as  the  Pogonip  limestone  of  Ordovician 
age,  and  a  little  (piartz-inonzonite  porphyry;  and  Waring 
designated  some  of  the  rocks  as  Cambrian,  as  well  as 
Silurian.  Ball's  map  is  the  source  of  the  geology  of  the 
northern  Panamint  Range  as  shown  on  the  latest  geologic 
ma]!  of  California  (Jenkins,  1938).  Other  geologic  maps 
id'  areas  in  the  Panamint  Range  do  not  include  the  north- 
ern end  of  the  range. 

More  recent  publications  refer  only  to  the  central  and 
southern  parts  of  the  Panainint  Range.  Murphy  (1932) 
mapped  and  described  an  area  in  the  south-central  part 
of  the  range,  and  White  (1940)  published  on  the  anti- 
mony deposits  of  the  Wildrose  Canyon  area,  entirely  in 
pre-Cambrian  rocks.  Hopper  (1H47)  in  his  geologic  sec- 
tion from  the  Sierra  Nevada  to  Death  Valley  included  a 
strip  across  the  central  part  of  the  Panamint  Range,  and 
earlier  published  an  abstract  of  the  stratigraphic  infor- 
mation  (  Hopper,  1939). 

Other  reports  on  adjacent  regions  have  been  more  ap- 
plicable. Some  of  the  formations  of  Death  Valley  described 
by  Noble  (1934.  pp.  173-178)  occur  in  the  Quartz  Spring 
area,  and  a  part  of  Hazzard's  (1937)  stratigraphic  se- 
quence in  the  Nopah  and  Resting  Springs  Mountains  is 
similar  to  the  sequence  in  the  area.  Some  of  the  formations 
used  by  Hazzard  were  adopted  and  others  could  be  <*en- 
erallv  correlated,  whereas  the  earlier,  reconnaissance  de- 
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scription of  rocks  in  the  much  closer  Inyo  Range  (Kirk, 
1918)  could  not  be  successfully  applied.  Recent  mapping 
by  Ward  Smith  and  C.  W.  Merriam  (reports  in  prepara- 
tion) shows  that  most  of  the  Paleozoic  formations  of  the 
New  York  Butte  quadrangle  in  the  Inyo  Range  and  of 
the  Quartz  Spring  area  are  readily  correlated. 

Field  Work.  Field  work  in  the  Quartz  Spring  area 
was  started  by  a  brief  reconnaissance  during  several  weeks 
in  the  summer  of  1937,  and  a  week  in  the  spring  of  1938. 
The  main  field  work  was  done  from  August  1938  to  Jan- 
uary 1939,  and  the  final  field  checking  was  concluded 
during  two  weeks  in  April  1940  and  several  davs  in  1948 
and  1949. 

A  topographic  map  prepared  by  enlarging  the  relevant 
part  of  the  II.  S.  Geological  Survey's  Ballarat  quadrangle 
map  was  inadequate  as  a  base  for  the  geologic  mapping.  A 
topographic  sketch  map  (pi.  1)  therefore  was  made,  with- 
out assistance,  by  triangulating  on  a  lightweight  im- 
provised plane  table  with  a  Rrunton  compass  attached  to 
a  Duralumin  straightedge.  The  difficulty  of  measuring, 
unaided,  a  base  line  over  hilly  ground  was  met  by  using 
a  Rrunton  clinometer  as  a  hand  level  to  measure  the 
vertical  distance  from  valley  to  hilltop,  and  the  clinometer 
also  to  measure  the  vertical  angle,  so  as  to  calculate  the 
horizontal  distance.  The  base  line  thus  measured  between 
two  hills  near  Rest  Spring,  when  drawn  to  a  scale  of 
2.000  feel  to  an  inch,  was  slightly  less  than  3  inches  on 
the  map,  which  was  somewhat  short  for  the  triangulation 
network  about  20  inches  in  diameter.  Altitudes  used  in 
sketching  contour  lines  at  a  100-foot  interval  were  deter- 
mined with  an  aneroid  barometer,  although  there  was  no 
control  for  atmospheric  changes  in  pressure.  The  datum 
is  approximately  sea  level.  <>n  the  map  (pi.  1)  most  names 
of  topographic  features  were  applied  for  convenience  in 
reference  and  have  not  been  sanctioned  by  the  Roard  on 
Geographic  Names,  so  they  should  be  considered  a  tem- 
porary expedient.  Two  of  the  names  that  were  applied  to 
new  formations,  Rerdido  and  Tihvipah,  have  appeared  on 
no  other  map. 
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for  \V.  II.  Herdsman  's  chemical  analysis  of  the  nepheline- 
syenite. 

During  field  work  10  years  later  in  the  adjacent 
ITbehebe  Peak  quadrangle  tlie  writer,  assisted  at  different 
times  by  W.  R.  Eames.  A.  F.  Agnew,  E.  M.  MacKevett,  Jr., 
M.  W.  Ellis,  and  R.  F.  .Johnson,  measured  some  of  the 
sections  and  collected  some  of  the  fossils  that  have  been 
used  in  this  report.  This  work  was  part  of  the  IT.  S. 
Geological  Survey's  program  in  cooperation  with  the 
California  State  Division  of  Mines,  and  was  under  the 
supervision  of  Ward  Smith  of  the  I\  S.  Geological  Survey. 
Fossils  collected  during  work  in  the  Cbehebe  Peak  area 
have  been  identified  by  paleontologists  of  the  IT.  S.  Na- 
tional Museum  and  of  the  V.  S.  Geological  Survey,  and 
credit  to  each  paleontologist  is  given  with  the  data.  The 
fauna]  lists  and  their  stratigraphie  significance  are  sub- 
stantial contributions. 

The  report  was  critically  read  by  Drs.  S.  W.  Midler, 
A.  C.  Waters,  W.  0.  Smith,  and  C.  W.  Merriam,  who 
made  greatly  appreciated  suggestions  for  improvement. 

The  section  on  economic  geology  was  contributed  by 
Lauren  A.  Wright  and  Thomas  E.  (Jay,  Jr.,  of  the  staff 
of  the  California  Division  of  Mines.  The  location  of  the 
mines  and  prospects  shown  on  plate  1  was  determined 
by  them  in  1951,  when  they  inspected  the  properties. 

SEDIMENTARY    ROCKS 

Sedimentary  rocks  compose  somewhat  more  than  90 
percent  of  the  area  shown  on  the  geologic  map  (pi.  1). 
Except  for  Quaternary  deposits,  which  cover  about  one 
fourth  of  the  area,  limestone  and  dolomite  constitute  by 
far  the  major  part  of  the  stratigraphie  column  (pi.  2). 
Shale,  although  it  constitutes  a  small  proportion  of  the 
stratigraphie  sequence,  crops  out  extensively,  and  like  the 
equally  small  proportion  of  quartzite,  makes  good  strati- 
graphie markers.  Chert,  conglomerate,  and  breccia  are 
minor  constituents  of  the  sedimentary  sequence. 

Formations  were  established  primarily  by  selecting 
persistent  and  easily  distinguishable  lithologic  units  that 
could  be  mapped  on  a  scale  of  1  :24,00()  to  show  adequately 
the  stratigraphy  and  structure  of  the  region.  Previously 
named  formations  were  used  when  it  was  possible  to  recog- 
nize them  by  advice  of  H.  D.  Curry,  by  limited  personal 
observation  in  some  areas  where  the  formations  had  been 
described,  or  by  comparison  with  published  descriptions. 
The  age  of  some  of  the  formations  has  been  assigned  ten- 
tatively, as  diagnostic  fossils  have  not  been  found  in  them 
or  the  fossils  are  too  poorly  preserved  to  be  precisely 
identified.  Some  of  the  formations  that  are  primarily 
good  mappable  lithologic  units  may  cross  systemic  bound- 
aries. 

Rocks  older  than  Quaternary  range  in  age  from  Middle 
(  ?)  Cambrian  to  Pennsylvanian  (fig.  6).  Those  from  Cam- 
brian to  late  Devonian  can  be  correlated  reasonably  well 
with  formations  that  have  been  established  in  the  Death 
Valley  region  and  eastern  Nevada  (see  Nolan,  1943,  pp. 
148-156).  Mississippian  and  Pennsylvanian  units,  how- 
ever, are  more  difficult  to  compare  with  those  in  published 
stratigraphie  sections. 

Pre-Cambrian  rocks,  which  are  well  represented  in  the 
central  and  southern  parts  of  the  Panamint  Range 
I  Murphy.  1932,  p.  337,  pi.  4;  Hopper,  1947,  pp.  402-403. 
pi.  1 ),  do  not  crop  out  in  the  Quartz  Spring  area.  The  area 
also  lacks  exposures  of  most  of  the  Cambrian  rocks  that 


occur  southward  in  the  central  part  of  the  Panamint 
Range  (Hopper,  1947,  pp.  403-407),  eastward  in  the 
Grapevine  Mountains  of  the  Amargosa  Range  (Curry, 
1937,  oral  communication),  northwestward  in  the  Inyo 
Range  (Kirk,  1918,  pp.  25-28),  and  probably  northward 
in  the  Last  Chance  Range. 

Rocks  younger  than  those  exposed  in  the  area  occur 
nearby.  Limestones  of  late  Pennsylvanian  and  Permian 
age  continue  the  stratigraphie  sequence  several  thousand 
feet  upward,  between  Racetrack  Valley  and  Saline  Valley, 
only  5  miles  west  of  the  area  (McAllister,  1946-1949,  un- 
published data  of  the  U.  S.  Geological  Survey)  ;  and  at 
least  part  of  the  same  sequence  lies  faulted  against  the 
eastern  front  of  the  Panamint  Range  (Ball,  1907,  p.  203, 
fig.  17,  pi.  1  ),  about  10  miles  southeast  of  the  area.  Tri- 
assic  rocks  are  extensively  exposed  in  the  Inyo  Range 
(Kirk,  1918,  pp.  47-48,  pi.  II).  Continental'  Tertiary 
deposits  starting  with  fossil iferous  beds  of  Oligocene  age 
(Stock  and  Bode,  1935)  are  exposed  in  the  Grapevine 
Mountains  east  of  Death  Valley.  The  absence  of  sedimen- 
tary rocks  from  Permian  to  Pliocene  age  in  the  Quartz 
Spring  area  not  only  leaves  a  wide  gap  in  the  history  of 
sedimentation  but  also  produces  difficulties  in  dating 
events  in  the  structural  history. 

No  unconformity,  representing  any  sort  of  erosional 
gap  in  the  sedimentary  sequence,  has  been  recognized  at 
the  boundaries  of  the  Paleozoic  systems  in  the  Quartz 
Spring  and  adjacent  areas,  where  every  boundary  is  well 
exposed.  A  disconformity  marked  by  local  conglomerate 
without  noticeable  angular  discordance  below  it  may  occur 
in  the  Perdido  formation,  but  within  the  Mississippian 
series.  Discontinuities  in  the  sedimentary  record,  either 
discontinuities  or  angular  unconformities  of  such  low 
angle  of  discordance  that  the  discordance  is  not  obvious, 
or  some  other  types  of  hiatus,  are  to  be  expected  in  the 
local  Paleozoic  sequence.  The  known  faunas  are  widely 
spaced  through  the  sedimentary  sequence.  The  fact  that 
fossils  of  intermediate  ages  have  not  been  found,  however, 
is  insufficient  basis  for  postulating  a  corresponding  ab- 
sence of  sedimentary  rocks  of  those  ages.  The  existence  of 
significant  jraps  perhaps  may  be  recognized  after  much 
more  extensive  mapping  and  correlation. 

Racetrack  Dolomite  (Middle(?)  Cambrian) 

Name  and  Occurrence.  The  oldest  rock  unit  in  the 
sedimentary  sequence  of  the  Quartz  Spring  area  is  here 
named  the  Racetrack  dolomite  for  Racetrack  Valley,  the 
long  depression  draining  southward  to  The  Racetrack 
playa  from  a  low  divide  between  Tin  Mountain  and  Dry 
Mountain.  The  valley  separates  the  northern  end  of  the 
Panamint  Range  from  the  southern  foothills  of  the  Last 
Chance  Range.  The  type  locality  of  the  Racetrack  dolo- 
mite is  in  the  Last  Chance  foothills  on  the  western  side 
of  Racetrack  Valley,  about  3  miles  west  of  Quartz  Spring. 
More  precisely,  the  type  locality  extends  from  the  southern 
tip  of  the  spur  west  of  the  Hidden  Valley  road  junction, 
for  roughly  7,000  feet  to  the  saddle  north  of  the  U.  S. 
Geological  Survey  bench  mark  at  5,330  feet  above  sea  if 
level  (see  fig.  3).  The  bench  mark  is  shown  on  the  Ballarat 
quadrangle. 

The  base  of  the  Racetrack  dolomite  cannot  be  defined 
satisfactorily  in  the  Quartz  Spring  area  because  alluvium 
overlaps  the  lowest  exposures.  The  top  is  limited  by  the  I 
Nopah  formation.  The  Racetrack  dolomite  crops  out  at 
no  other  place  in  the  mapped  area. 


Qtartz  Spring  Area 


Lithology.  Gray  dolomite  is  the  conspicuously  pre- 
dominant rock  of  the  formation.  The  color  varies  from 
dark  pray  to  very  light  pray  or  grayish  yellow,  producing 
from  a  distance  a  salient  effect  of  thick  hands  (see  fig.  3). 
Closer  inspection  reveals  that  hedding  is  very  much  thin- 
ner than  the  color  bands,  and  thinner  than  the  spacing  of 
well-developed  joints  which  run  parallel  to  the  stratifica- 
tion. Many  of  the  beds  have  minutely  wavy  bedding  planes 
and  small  blotches  of  lighter  or  darker  gray.  Obvious 
variations  in  lithology  are  slight :  there  is  some  irregularly 
distributed  brown-weathering  nodular  chert  and  in  the 
lower  part  some  rather  platy  silty  dolomite. 

The  following  section  was  measured  at  the  type  locality: 

Nopah  formation. 

(Conformable  contact.) 

Racetrack  dolomite  :  Feet 

7.   Somewhat   streaky   light-gray   dolomite  (trades   into 

darker  gray  near  base 450 

6.  Light  grayish  huff  dolomite  contains  a  few  thin  dark- 
gray  beds 150 

5.  Very  dark  gray  dolomite  contrasts  sharply  with 
lighter  dolomite  above  and  below;  in  detail,  very  ir- 
regular lighter  mottling  extends  in  all  directions; 
some  small  vugs  of  quartz 200 

4.  Light-gray  dolomite  weathers  creamy  gray  somewhat 
mottled  by  tan  ;  a  few  irregular  streaks  of  darker 
gray  do  not  detract  from  its  conspicuousness  as  a 
marker    . .'50 

3.  Medium-gray  dolomite;  closely  spaced  sinuous  mot- 
tling along  bedding  ;  widely  spaced  joints  ;  some  chert 
nodules GOO 

2.  Somewhat  platy  dolomite  that  weathers  pale  yellow- 
ish brown,  includes  a  very  little  pale  reddish  brown 
silty  dolomite.  About  30  feet  from  the  base  a  massive 
bed  of  gray  dolomite,  5  feet  thick,  lies  within  the 
brownish  zone 55 

1.  Dark-gray  medium-grained  dolomite,  irregularly 
handed  with  lighter  gray  dolomite  in  layers  about  1 
inch  thick,  for  about  220  feet  above  the  base;  in 
upper  part  some  masses  of  chert  up  to  2\  feet  long, 
ovoid  in  section  ;  possible  faults 325 ± 


1.i)00± 


Thickness.  The  stratigraphic  thickness  of  the  Race- 
track dolomite  in  the  Last  Chance  foothills  is  about  1,900 
feet.  Possible  unmapped  faults  make  questionable  the 
measurement  of  the  lowest  units. 

Age  and  Correlation.  Although  no  fossils  have  been 
found  in  the  Racetrack  dolomite,  the  formation  is  pre- 
sumably Middle  Cambrian  in  age,  if  not  in  part  early 
late  Cambrian.  No  detectable  stratigraphic  break  sepa- 
rates it  from  the  overlying  Nopah  formation  of  Late 
Cambrian  age.  In  stratigraphic  position  and  lithology 
the  Racetrack  dolomite  corresponds  to  the  upper  part  of 
Hazzard's  Cornfield  Springs  formation  in  the  Nopah 
Range.  The  entire  Cornfield  Springs  formation  was  pro- 
visionally assigned  by  Hazzard  (1937,  p.  319)  to  the  Mid- 
dle Cambrian,  with  the  reservation  that  the  unfossiliferous 
upper  part  could  be  early  Upper  Cambrian. 

Nopah  Formation  (Upper  Cambrian) 

Name  and  Occurrence.  The  Nopah  formation  in  the 
Quartz  Spring  area  is  considered  to  be  essentially  the 
same  unit  as  that  in  the  northern  half  of  the  Nopah  Range 
in  the  southeastern  corner  of  Inyo  County,  California, 
named  by  Hazzard  (1937,  p.  320).  In  the  Quartz  Spring 
area  it   is  underlain  by  light-gray   Racetrack   dolomite 


and  overlain  by  Pogonip  limestone.  The  Nopah  formation 
makes  cliffs  or  steep  slopes  that  tend  to  become  smooth, 
except  in  detail;  thus  it  is  topographically  indistinguish- 
able from  the  underlying  Racetrack  dolomite.  In  the 
mapped  area  the  only  exposures  of  the  Nopah  formation 
are  on  the  ridge  north  of  bench  mark  5,330  and  on  a  spur 
east  of  the  bench  mark,  in  the  Last  Chance  foothills  (see 
pi.  1   and  fig.  :i  I . 

Lithology.  The  Nopah  formation  rather  uniformly 
consists  of  dolomite,  except  for  minor  quantities  of  shale. 
limestone,  and  chert.  The  color  ranges  from  cream  through 
light  gray  to  very  dark  gray,  the  dark  gray  predominat- 
ing. Cream-colored  dolomite,  although  subordinate,  crops 
out  in  conspicuous  bands  that  can  be  traced  continuously 
across  the  area  of  exposure.  In  general  aspect  the  banding 
is  similar  to  that  of  the  Racetrack  dolomite. 

The  lowest  part  of  the  formation  consists  of  medium 
dark  gray  dolomite,  which  at  the  base  contains  medium- 
to  light-gray  limestone  interbedded  with  pale-olive  shale 
and  brown-weathering  silty  and  cherty  limestone.  Shaly 
partings  in  the  limestone  appear  tan  or  pinkish  and  con- 
tain some  primitive  brachiopods.  Also  trilobites  occur  in 
some  of  this  limestone. 

Above  the  basal  unit  of  the  Nopah  formation  there  is  a 
prominent  layer  of  cream-colored  dolomite,  about  .'50  feet 
thick,  overlain  by  a  succession  of  dark-  and  light-colored 
dolomite  layers,  which  crop  out  as  conspicuous  bands 
across  the  hills.  The  following  generalized  tabulation  of 
the  sequence  of  light  and  dark  layers  of  dolomite  was 
derived  from  a  structure  section  thai  lacked  details,  and 
was  later  verified  on  aerial  photographs  that  showed  the 
banding  clearly.  The  thickness  of  each  layer  therefore 
is  only  approximate. 

Pogonip  limestone. 

(Conformable   contact.) 

Nopah   formation  :  Frrl 

!).    Dark  gray   .lob. mil..           120 

8.  Cream-colored  dolomite     30 

7.    Medium-gray   to  dark-gray   dolomite;   small   gastropods  535 

(>.   Cream-colored  dolomite 30 

5.   Dark-gray  dolomite 125 

1.  Very  light  gray  dolomite   225 

3.    Dark-gray   dolomite 125 

2.  Cream-colored  dolomite      30 

1.    Medium  dark  gray  limestone;   lower  250  feet   contains 

limestone,  in  places  silty  or  cherty.  weathering  brown, 
interbedded  with  light-olive  shale;  trilobites  in  lime- 
stone and  primitive  brachiopods  in  tan  or  pinkish  shaly 
partings 380 


1,600 


(Conformable   contact.) 
Racetrack  dolomite. 


Thickness.  The  thickness  of  the  Nopah  formation  in 
the  Last  Chance  foothills  was  calculated  in  a  structure 
section  to  be  approximately  1,600  feet. 

Age  and  Correlation.  Fossils  have  been  found  only  in 
the  silty  calcareous  lowermost  unit  (unit  1  of  the  strati- 
graphic section)  and  in  gray  dolomite  (unit  7)  about  500 
feet  below  the  upper  contact  of  the  Nopah  formation. 
From  the  lower  zone  (unit  1)  the  following  fossils  were 
identified  by  (i.  Arthur  Cooper  (written  communication, 
1949)  of  the  V.  S.  National  Museum: 

C-1!>7  *   Lingula  sp. 
Oholus  sp. 
Acrotreta    cf.    A.    idahoensis    Walcott 


*  Field  number  of  collection. 
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From  the  same  zone  at  another  locality  the  following 
fossils  were  identified  by  A.  R.   Palmer    (written  com- 
munication,  1950)   of  the  U.   S.  Geological  Survey: 
U-959  Linguloid    fragments 

Minute  acrotretid  brachiopods 

Klvinia  n.  sp. 

Aphelaspis  sp. 

Linnarssonella  girtyi  Walcott 

Pterocephalia  V 

Palmer  commented  that  the  fossils  "belong  to  the  El- 
mi  ia  zone  of  the  Franconian  stage,  which  places  them  at 
the  bottom  of  the  middle  division  of  the  Upper  Cam- 
brian. " 

From  the  upper  fossiliferous  zone  (unit  7)  the  follow- 
ing small  silicified  gastropods  were  identified  by  Josiah 
Bridge  (written  communication,  1950)  of  the  U.  S.  Geo- 
logical Survey : 

r-1'41    Matherella  cf.  M.  saratogensis  Walcott 

Kinuopea,  'A  or  4  species — all  undescribed 

Strepsodiseus  s]>. 

New  genus — new   species — a   small   uncoiled   form   with   a 

triangular  cress  section 
Unidentified  plates 
"This  fauna  appears  to  correlate  with  a  fauna  in  the  upper  part 
of  the  Eminence  formation  of  Missouri  particularly  the  so-called 
Proctor  horizon  and  also  with  the  Hoyt  limestone  of  New  York. 
The  rather  distinctive  sinistrally  coiled  genus  Mniherelln  is  com- 
mon to  all  three  areas.  The  fauna  is  very  high  Upper  Cambrian." 

The  Nopah  formation  in  the  Quartz  Spring  area  can  be 
correlated  with  the  Nopah  formation  of  Late  Cambrian 
age  at  the  type  locality  in  the  Nopah  Range  (Hazzard, 
19.37,  pp.  320-321)  by  its  stratigraphic  position  below 
the  Pogonip  limestone,  similarity  of  lithology,  and  the 
Elvinia  zone  at  the  bottom.  Whereas  the  details  of  light 
and  dark  banding  appear  to  be  local,  the  basal  shaly  unit 
of  the  formation  at  the  two  localities  is  a  good  marker 
of  the  lower  limit.  The  upper  limits  of  the  formation  in 
the  Nopah  and  Quartz  Spring  areas  may  not  be  strictly 
equivalent. 

Upper  Cambrian  rocks  in  the  Inyo  Range  30  miles 
northwest  of  the  Quartz  Spring  area  cannot  be  correlated 
—from  Kirk's  (1918,  pp.  31-32)  description— with  the 
Nopah  formation.  The  Inyo  rocks  consist  largely  of 
arenaceous  limestones  and  shales  that  weather  to  bright 
colors,  sandstones,  and  impure  limestones,  similar  to 
Turner's  Emigrant  formation  in  the  Silver  Peak  quad- 
rangle. Nevada  (Turner,  1902,  p.  265).  The  Late  Cam- 
brian age  of  the  formation  in  the  Inyo  Range  has  been 
questioned  by  Hazzard  (1937,  p.  322).  Upper  Cambrian 
formations  at  other  places  in  the  Great  Basin  also  are 
difficult  to  correlate  with  the  Nopah  formation  by  the 
described  lithology.  But  the  Mendha  limestone  in  the 
Pioche  district  (Westgate  and  Knopf,  1932,  pp.  11-12) 
is  like  the  Nopah  formation. 

Pogonip  Limestone  (Lower  Ordovician) 

Xamc  and  Occurrence.  Pogonip  limestone  is  the  name 
applied  originally  by  King  (1878,  pp.  187-195)  to  all  beds 
between  the  Prospect  Mountain  quartzite  (Lower  Cam- 
brian) and  the  Eureka  quartzite  (Middle  Ordovician), 
as  at  Pogonip  Ridge,  Hamilton,  Nevada,  which  is  the  type 
locality.  Hague  (1883,  pp.  253-263)  limited  the  Pogonip 
limestone  to  the  beds  between  what  is  now  called  Dunder- 
berg  shale  (Upper  Cambrian)  and  the  Eureka  quartzite. 
Walcott  proposed  restricting  Pogonip  further,  but  the 
U.  S.  Geological  Survev  uses  the  name  in  the  broader 
sense  (Wilmarth,  1938,  pp.  1689-1690). 


The  Pogonip  limestone  in  the  Quartz  Spring  area  com- 
prises the  rocks  above  the  Nopah  formation  and  below 
the  Eureka  quartzite.  The  Pogonip  here  contains  a  variety 
of  rocks,  but  limestone  is  conspicuous  and  is  retained 
as  the  lithologic  part  of  the  name.  A  typical  section  is 
exposed  in  the  Last  Chance  foothills,  about  2\  miles  west 
of  Quartz  Spring  (see  fig.  3). 

Lithology.  The  general  aspect  of  the  Pogonip  here  is 
mouse-gray  dolomite  and  limestone  containing  several 
more  or  less  conspicuous  dark  reddish  brown  bands. 
Closer  observation  shows  that  it  contains  considerable 
siliceous  material,  both  chert  and  sandy  dolomite,  and 
three  well-marked  zones  of  buff- weathering  shaly  beds. 
The  reddish  brown-weathering  zones  consist  of  thin  cherty 
beds  that  appear  crinkled  or  wavy,  and  merge  at  points 
of  greatest  irregularity,  producing  a  structure  that  re- 
sembles piles  of  crepe ;  nodules  and  minute  flat  lenses  of 
limestone   remain   isolated   in  the  cherty  rock    (fig.  4). 


Figure  4.     Crepe  structure  in  a  siliceous  part  of  the 
Pogonip  limestone. 


The  beds  make  diagnostic  markers  of  the  Pogonip  lime- 
stone throughout  the  region,  as  even  through  considerable 
contact  metamorphism  the  crepe  structure  persists.  An- 
other distinctive  feature  of  the  formation  is  a  conspicuous 
zone  of  large  gastropods,  which  in  outcrops  appear  as 
spirals  sufficiently  persistent  to  be  considered  a  lithologic 
characteristic  of  that  part  of  the  formation. 

Isolated  outcrops  of  some  parts  of  the  Pogonip  lime- 
stone may  be  confusingly  similar  to  some  other  formations. 
Some  beds  in  the  Nopah  and  Racetrack  formations  are 
similar  to  the  darker  lowest  dolomite  of  the  Pogonip, 
which  is  distinguished,  however,  by  light-gray  chert  and 
the  somewhat  mouse-gray  color  of  the  weathered  rock. 
The  uppermost  Pogonip,  the  part  that  is  above  the  gas- 
tropod zone,  if  it  lacks  the  usual  brown-weathered  streaks 
and  lenses  of  sand  may  be  indistinguishable  from  mouse- 
gray  dolomite  in  the  Hidden  Valley  dolomite.  Despite 
these  exceptions,  the  Pogonip  limestone  is  a  distinctly 
mappable  unit. 

The  following  detailed  section,  except  the  bottom  unit 
(no.  1).  was  measured  with  a  tape  along  a  spur  on  the 
west  side  of  Racetrack  Valley  opposite  Quartz  Spring. 


Quartz  Spring  Area 
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The  lowest  unit  was  measured  on  the  next  ridge  to  the 
west,  about  4,000  feet  from  the  first : 
Eureka  quartzite. 
(Conformable  contact.) 
Pogonip  limestone  :  Feet 

8.  Gray  dolomite,  in  general  medium  gray  although  sumo 
beds  are  dark  gray,  weathering  mouse  gray  ;  fine- 
grained to  medium-grained  ;  sandy  dolomite  in  irregu- 
lar streaks  somewhat  contorted  in  detail,  expanding 
here  and  there  into  sandy  pockets,  especially  charac- 
teristic of  upper  part.  The  sandy  element  weathers 
brown.  A  zone  of  Palliteria  and  tfaclurileg  is  so 
exceptionally  persistent  near  the  middle  that  tin- 
gastropod  spirals  can  be  considered  a  lithologic 
characteristic   

7.  Light-buff  or  yellowish  shaly  limestone,  sparsely  fossil- 
iferous ;  very  poorly  exposed ;  forms  shoulders  on 
spur    

6.  Brown-weathering  siliceous  beds,  largely  chert,  tend  to 
predominate  over  the  gray  limestone,  which  remains 
in  nodules  and  lenses  where  the  thin  siliceous  layers 
touch  at  undulations,  producing  a  crepe  structure.  The 
proportion  of  siliceous  material  decreases  gradually 
upward;  and  decreases  abruptly  at  the  base,  where  the 
lowest  35  feet  is  a  platy  gray  limestone  with  ochreous 
irregular  partings,  and  contains  fragments  of  poorly 
preserved  fossils.  The  shaly  rock  at  the  base  emphasizes 
the  cliff-forming  quality  of  the  unit,  which  makes  it  one 
of  the  most  conspicuous  of  the  Pogonip 183 

5.   Float  of  light-brown  shale  containing  fossil  fragments; 

does  not  crop  out  along  line  of  section 14."i 

4.  Light-gray  limestone  and  dolomite,  weathering  brown 
ish  gray,  contains  many  siliceous  beds,  up  to  4  inches 
thick,  that  tend  to  merge  at  crenulations  making  a 
crepe  structure,  especially  in  lower  half,  which  from  a 
distance  is  browner  than  the  mouse  gray  of  the  upper 
half.  About  70  feet  from  the  base  of  the  unit,  some 
intraformational  breccia  of  particles  about  one-half  inch 
thick  in  a  clastic  matrix  ;  some  cross-bedding  ;  numerous 
veinlets  of  white  calcite 120 

3.  Buff-weathering  shaly  dolomite  crops  out  poorly (10 

2.  Light-gray  dolomite,  much  of  which  weathers  light 
brown  or  light-brownish  gray,  contains  brown-weather- 
ing sandy  streaks  and  a  little  chert  in  the  lower  part, 
where  there  are  also  scattered  clusters  of  small  but 
conspicuous  quartz  crystals  which  in  some  places 
make  an  open  network  pattern l.">0 

1.  Medium-gray  dolomite,  locally  limestone  weathers  a 
mouse  gray,  and  contains  some  flat  lenses  of  light  gray 
chert,  especially  about  SO  feet  above  the  base  of  the 
formation.  The  mouse-gray  color,  the  chert,  and  occa- 
sional limestone  distinguish  this  basal  unit  of  the  I'ogo- 
nip from  the  underlying  Nopah  formation 24."i 

(Conformable  contact.)  1,440 

Nopah  formation. 

Thickness.  The  strati  graphic  thickness  of  the  com- 
posite section  described  in  detail  above  is  1,440  feet.  The 
measured  section  is  a  single  continuous  sequence  except 
for  the  basal  unit  of  24;")  feet,  which  is  buried  in  alluvium 
at  that  locality.  The  basal  unit  was  measured  in  an 
excellent  sequence  extending  unbroken  from  the  Race- 
track and  Nopah  formations  below  the  Pogonip  limestone 
and  continuing  into  the  Pogonip  so  that  unit  2  of  the 
Pogonip  was  matched  at  the  two  localities. 

Age  and  Correlation.  The  most  distinctive  fauna  of 
the  Pogonip  limestone  in  the  Quartz  Spring  area  occurs 
near  the  middle  of  the  uppermost  unit  (unit  8)  and  con- 
sists of  abundant  conspicuous  Maclurites,  Palliseria,  and 
Receptaculitcs,  which  have  been  considered  good  markers 
of  that  part  of  the  Ordovieian  of  the  Great  Basin  that  is 
of  Chazy  age.  A  fauna  from  unit  5  of  the  detailed  section 
of  the  Pogonip  is  definitely  Lower  Ordovieian.   It   is  not 


yet    known,   however,   whether   the   lowermost   400    feet 
(units  1  and  2)  includes  also  Upper  Cambrian  rocks. 

From  about  300  feet  below  the  upper  boundary  of  the 
Pogonip  limestone  (unit  8)  the  following  fossils  were 
identified  by  G.  Arthur  Cooper  (written  communica- 
tion, 104!)!  :' 

U-92   Palliseria   longwelli    (Kirk) 
Maclurites  sp. 

Heceptaculites  sp. 
Porambonites   sp. 
"This  Receptacnlitea  or  PallUe.rin  zone  of  the  Pogonip  is  wide 
spread  in  the  Great  Basin  area." 

The  following  fossils  collected  by  R.  L.  Parker  from 
shaly  mi  it  5  of  the  Pogonip  limestone  were  identified  by 
Josiah  Bridge,  in  consultation  with  O.  A.  Cooper  (written 
communication,  1951)  : 

P— 70   Archeorthis  costellata  Clrich  and  Cooper 

Kainella  (  ?)    finalis    (  Walcott  | 

Rellfontia  sp. 

Hvstricurus  tuberculatus   i  Walcott  I 
"This  fauna   ...   is  definitely   of   Lower  Ordovieian      (Canadian  I 
age." 

Spnrr  (lf)():5,  p.  188)  was  the  first  to  report  on  Pogonip 
in  this  region.  He  was  informed  by  F.  B.  Weeks  that  rocks 
probably  corresponding  to  the  Pogonip  formation  of 
Eureka.  Nevada,  occur  at  Grapevine  Peak  at  the  northern 
end  of  the  Amargosa  Range  and  probably  continue  to 
Pyramid  Peak  in  the  central  part  of  the  range.  The  Amar- 
gosa  Range  is  the  first  range  east  of  the  Panamint  Range, 
on  the  opposite  side  of  Death  Valley:  Weeks  reported 
Pogonip  fossils  also  from  the  northern  part  of  the  Pana- 
mint Range  i  Spnrr.  1903,  p.  202).  At  a  later  date  Ball 
(  1!K)7,  pp.  ltU-lfi.")  i  described  the  extensive  occurrence  of 
Pogonip  limestone  in  the  Amargosa  Range.  His  recon- 
naissance map,  however,  includes  under  the  symbol  for 
Pogonip  what  is  now  known  to  be  much  more  of  the 
Paleozoic  sequence.  Ball's  map  of  the  northern  end  of  the 
Panamint  Range  is  even  more  generalized,  where  all  the 
Paleozoic  rocks  from  Cambrian  through  Carboniferous 
are  shown  as  Pogonip  limestone,  except  in  the  eastern 
foothills  of  the  range,  where  Pennsylvania!!  rocks  are  dis- 
tinguished.  The  description  (Ball,  1907,  pp.  202-203) 
shows  that  Ball  did  observe  Pogonip  in  the  present  sense 
of  the  term,  but  he  failed  to  separate  it  from  Eureka 
qnartzite  and  some  higher  formations. 

Most  of  the  Pogonip  limestone  of  the  Quartz  Spring 
region  closely  resembles  the  Pogonipl  '  )  ill  the  Nopah 
area  described  by  Hazzard  (  1!»:57.  p.  324  I.  But  the  lowest 
part  in  this  northern  Panamint  area,  especially  the  lower 
boundary,  has  not  been  correlated  precisely  with  the 
Pogonip  elsewhere.  The  two  lowest  units.  1  and  2  of  the 
section  described  above,  as  nearly  as  can  be  determined 
from  Hazzard 's  descriptions  (1937,  p.  276),  correspond 
more  closely  to  400  feet  of  the  uppermost  member  (8G 
in  Hazzard 's  section)  of  the  Nopah  formation  rather  than 
to  the  basal  part  of  the  Pogonipl  ?)  in  the  Nopah-Resting 
Springs  region.  These  two  units  are  included  in  the 
I'ogonip  here  on  the  basis  of  lithology  and  of  ease  in  map- 
ping. Their  mouse-gray  color  and  chert  lenses  arc  char- 
acteristic of  the  Pogonip  and  not  of  the  Nopah  formation. 
At  the  eastern  base  of  the  Panamint  Range  about  40 
miles  southeast  of  Quartz  Spring,  Hopper  (1D47.  p.  M)1  I 
recognized  but  did  not  map  Hazzard's  Pogonip!  ?)  dolo- 
mite. Hopper  included  it  in  a  unit,  approximately  9,000 
feet  thick,  of  undifferentiated  Cambrian  and  Lower 
Ordovieian  dolomite  and  limestone. 
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In  the  Inyo  Range  rocks  of  the  same  ape  and  lithology 
as  the  Pogonip  limestone  in  the  northern  part  of  the 
Panamint  Range  were  described  by  Kirk  ( 1918,  pp.  34-35), 
but  he  declined  to  call  them  Pogonip  because  he  considered 
t hat  the  term  was  too  loosely  used.  Kirk  did  not  subdivide 
the  Ordovician  rocks  for  the  reconnaissance  map  of  the 
Inyo  Range. 

The  Tank  Hill  limestone  in  the  Pioche  district  (West- 
pate  and  Knopf,  1932,  pp.  14-15),  which  was  considered 
to  be  essentially  the  same  as  the  upper  part  of  the  Pogonip 
limestone  of  the  Enreka  district,  seems  equivalent  to  the 
upper  part  of  the  Pogonip  limestone  in  the  Panamint 
Range.  The  Yellow  Hill  limestone  at  Pioche  (Westgate 
and  Knopf,  1932,  p.  14)  probably  corresponds  to  part  of 
the  lower  unit  of  the  Pogonip  in  the  Panamint  area.  The 
Pogonip  limestone  in  the  Ely  quadrangle  (Spencer,  1917, 
p.  24)  was  described  in  too  general  terms  to  correlate  it 
on  the  basis  of  lithology. 

Eureka  Quartzite  (Middle  Ordovician) 

Nainr  and  Occurrence.  The  Enreka  quartzite  was 
named  by  Hague  (1883,  pp.  253,  262)  in  the  Eureka, 
Nevada,  region.  Kirk  (1933,  in  Wilmarth,  1938,  pp.  706- 
707),  with  the  approval  of  the  U.  S.  Geological  Survey, 
designated  "...  the  exposures  on  southwest  slope  of 
Lone  Mountain  as  the  type  section  of  the  formation,  be- 
cause here  it  is  completely  exposed,  together  with  over- 
lying Lone  Mountain  limestone  and  underlying  Pogonip 
limestone,  while  it  is  not  exposed  at  Eureka,  although  it 
is  poorly  exposed  in  Eureka  region.  The  Lone  Mountain 
section  is  about  18  miles  northwest  of  Eureka,  and  was 
known  to  Hague.  .  .  ."  A  stratigraphic  section  of  Lone 
Mountain,  showing  the  position  and  thickness  of  the 
Eureka  quartzite,  was  published  by  Merriam  ( 1940,  p.  20) . 

Exposures  of  Eureka  quartzite  are  widely  distributed 
in  the  Quartz  Spring  area,  but  nowhere  is  it  as  continuous 
or  well  exposed  in  cross  section  as  on  the  mountain  scarp 
about  3  miles  southwest  of  the  area,  where  the  thickness 
was  measured  for  the  local  standard  (fig.  5).  Within  the 
Quartz  Spring  area  the  quartzite  crops  out  in  the  Andy 
Hills  near  the  southern  border,  on  the  southern  flank  of 
Whitetop  Mountain  near  the  eastern  border,  on  the  steep 
slopes  east  of  Quartz  Spring,  and  in  the  Last  Chance 
foothills.  The  Eureka  quartzite  lies  stratigraphically 
above  the  Pogonip  limestone  and  below  the  Ely  Springs 
dolomite. 

Where  erosion  has  reduced  the  topography  to  a  late 
stage,  the  Eureka  quartzite  forms  rough  hills,  and  where 
the  topography  is  less  subdued  it  makes  blocky  cliffs.  The 
more  massive  upper  part  of  the  quartzite  breaks  into 
large  angular  joint  blocks  commonly  1  foot  or  2  feet 
thick  but  as  much  as  6  feet  thick. 

Lithology.  The  Eureka  quartzite  is  perhaps  the  most, 
conspicuous  formation  in  the  region.  From  a  distance  it 
appears  as  a  light  band  emphasized  by  the  nearly  black 
Ely  Springs  dolomite  on  top  of  it.  The  lower  half  of  the 
light  band  is  somewhat  darker,  weathering  tan,  brownish, 
or  pinkish  brown,  and  is  much  less  homogeneous  in  color. 
The  quartzite  in  the  upper  part  is  uniformly  vitreous, 
white,  or  tinged  with  pink,  and  is  composed  of  quartz 
sand  grains  cemented  by  quartz  that  is  indistinguishable 
from  the  grains  except  where  they  are  outlined  with  faint 
coloring.  In  tht  lower  quartzite  unit  there  are  some  inter- 
calated silty  or  shaly  beds,  and  much  of  the  unit  is  lim- 
onitic  or  hematitic. 
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FintRF.  .">.     Eureka    quartzite    about    2i    miles    north    of    Fhehebe 

Peak.  Pogonip  limestone.  Op,  below  Eureka  quartzite,  Oe, 'and  Ely 

Springs  dolomite,  Oes.  above. 

A  thin  section  of  a  random  sample  of  the  vitreous 
quartzite  has  quartz  grains  commonly  0.25  to  0.30  milli- 
meter in  diameter,  falling  within  a  range  of  0.015  to  0.55 
millimeter.  Most  of  the  grains  are  well-rounded.  The 
original  shapes  of  the  grains  are  faintly  outlined  by 
specks,  although  the  quartz  cement  is  in  optical  continuity 
with  the  grains,  making  a  completely  interlocking  mosaic. 
The  general  aspect  of  the  Eureka  quartzite  varies  little 
throughout  the  region.  The  Eureka  has  been  the  most 
distinctive  formation  of  the  area  and  was  mapped  with 
the  greatest  confidence.  The  lithology  of  quartzite  beds 
interstratified  in  the  lowermost  part  of  the  Devonian  Lost 
Burro  formation  at  some  places  is  similar  to  that  of  the 
Eureka  quartzite,  but  the  quartzite  beds  of  the  Lost  Burro 
are  only  a  few  feet  thick  in  contrast  to  the  250  feet  of 
vitreous  quartzite  in  the  Eureka  formation.  The  sandy 
part  of  the  Mississippian  Perdido  formation,  where  meta- 
morphosed to  quartzite  near  igneous  intrusions,  also  may 
resemble  Eureka  quartzite  except  for  the  thinness  of  the 
quartzitic  unit  in  the  Perdido  (only  about  50  feet)  and  its 
distinctive  stratigraphic  position.  The  black  Ely  Springs 
dolomite  lying  on  vitreous  quartzite  at  once  distinguishes 
the  quartzite  as  Eureka. 

The  best  exposure  for  detailed  measurement  of  the 
Eureka  quartzite  lies  southwest  of  the  area,  on  the  eastern 
front  of  a  mountain  2|  miles  due  north  of  Ubehebe  Peak 
and  northwest  of  The  Racetrack  playa  (see  Ubehebe 
Peak  quadrangle  and  fig.  5).  The  following  section  was 
measured  there  with  a  tape  : 
Ely  Springs  dolomite. 
(Conformable   contact.) 

Eureka  quartzite:  Feet 

2.  White  vitreous  quartzite  weathers  white  or  faintly  tinted 
pink  or  limonitic  yellow  ;  in  places  the  weathered  surface 
is  sugary.  Some  cross-bedding  is  discernible  under  close 
inspection  ;  jointing  parallel  to  stratification  is  rather 
widely  spaced,  up  to  about  5  feet.  The  contact  with  the 

overlying  dolomite  here  is  sharp 250 

1.  Interbedded  dark  hematitic  quartzite,  light  vitreous 
quartzite,  and  some  platy  quartzite  and  siltstone.  Some 
of  the  siltstone  is  dull  gray,  contrasting  with  the  red- 
dish gray  and  light-colored  quartzite.  Iron-stained  quart- 
zite greatly  predominates.  Cross-bedded 1">0 

400 
Contact   concealed  along  line  of  section.    (Float-covered  saddle; 

presumably    a    shaly    part   of   the    Pogonip  limestone,   about   70 

feet    thick.) 
Pogonip  limestone. 

Thickness.     The  stratigraphic  thickness  of  the  Eureka 
quartzite  as  measured  with  a  tape  north  of  Ubehebe  Peak 
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is  400  feet.  Where  measured  at  the  southern  end  of  the 
Andy  Hills  'i  miles  due  east  it  is  also  about  400  feet  thick. 

Age  and  Correlation.  No  fossils  were  found  in  the 
Eureka  quartzite.  The  silty  beds  in  the  lower  part  should 
be  examined  more  extensively  for  them.  By  lithology  and 
stratigraphic  position  the  formation  has  been  correlated 
with  the  Eureka  quartzite  that  crops  out  so  extensively 
elsewhere  in  the  (Jreat  Basin,  where  it  has  been  designated 
Middle  Ordovician. 

The  first  published  correlation  of  the  quartzite  in  the 
Death  Valley  region  with  the  Eureka  quartzite  was  by 
Spurr  (1903*  pp.  188,  202),  who  wrote  that  F.  B.  Weeks 
had  observed  Eureka  quartzite  overlying  the  Pogonip  for- 
mation south  of  Shaw  Peak  in  the  northern  part  of  the 
Panamint  Range.  Spurr  tentatively  identified  the  Eureka 
quartzite  also  at  Pyramid  Peak  in  the  Amargosa  Range. 
Ball  at  a  later  date  did  not  recognize  that  much  of  the 
quartzite  at  the  northern  end  of  the  Panamint  Range  was 
Eureka  quartzite,  although  at  a  locality  where  it  docs 
occur  he  described  it  as  a  "white  or  pinkish  white  fine- 
grained quartzite  outcrop  on  the  western  side  of  the  playa 
4  miles  north  of  fJoldbell  Spring"  (Ball,  1907,  p.  203  . 
He  mapped  Eureka  quartzite  in  the  firapevine  .Mountains. 
Eureka  quartzite  is  one  of  the  few  established  formations 
that  Hopper  (1!»47.  p.  407;  fig.  1;  pi.  1)  distinguished 
without  question  at  the  eastern  base  of  the  Panamint 
Range  about  40  miles  southeast  of  Quartz  Spring.  In  the 
Nopah  Range  Hazzard  (  VX\1 .  pp.  324-325)  measured  Eu- 
reka quartzite  and  correlated  it  with  the  formation  at  the 
type  locality  as  redefined  by  Kirk  i  1933).  It  occurs  widely 
in  Nevada.  In  the  Inyo  Range  the  Eureka  quartzite  is 
not  distinguished  from  other  Ordovician  rocks  repre- 
sented on  the  reconnaissance  map  (Knopf.  1918,  pi.  2)  ; 
hut  typical  Eureka  quartzite  associated  with  Pogonip 
limestone  and  Ely  Springs  dolomite  was  seen  by  the  writer 
al  the  southeastern  tip  of  the  range  and  as  far  as  Ma- 
zourka  Canyon  on  the  western  side  of  the  Inyo  Range. 

Ely  Springs  Dolomite  (Upper  Ordovician) 
Name  <m<l  Orrurrt  net .  The  Ely  Springs  dolomite  was 
named  originally  by  Westgate  (1932,  p.  15)  from  its  ex- 
posures in  the  Ely  Springs  Range,  about  lL»  miles  west 
of  Pioche,  Nevada.  In  the  northern  Panamint  Range  the 
Ely  Springs  dolomite  is  bounded  by  the  Eureka  quartzite 
below  and  by  the  Hidden  Valley  dolomite,  largely  of  Silu- 
rian age,  above. 

In  the  Quartz  Spring  area  the  Ely  Springs  dolomite 
Props  out  at  the  same  localities  as  the  Eureka  quartzite. 
It  is  exposed  more  continuously  southwest  of  the  area. 
along  the  eastern  front  of  the  mountains  north  of  Pbeliel.e 
Peak. 

lithology.  The  Ely  Springs  is  mostly  dolomite,  but 
K  contains  considerable  dark-brown  and  nearly  black 
HOdldar  chert.  At  most  places  chert  is  restricted  to  the 
lower  part,  but  the  proportion  of  chert  to  dolomite  varies 
notably  from  place  to  place.  The  chert  nodules  tend  to 
merge,  and  at  exposures  that  are  along  the  plane  of  bed- 
ding it  is  evident  that  they  merge  into  cxtremelv  irregular 
networks  parallel  to  the  bedding.  From  the  Eureka  quart- 
zite at  the  base  to  slightly  beyond  hallway  to  the  top  of 

the  Ely  Springs  the  dolomite  is ispicuosuly  dark  gray. 

nearly  black.  In  the  upper  part  it  is  medium  gray  to  light 
J-t;i.\  except  for  one  noticeable  dark-gray  layer.  In  detail 
much  of  the  dolomite  is  mottled  somewhat  lighter  in  the 
(lark  beds  and  darker  in  the  medium-grav  and  li<dit-<-rav 


beds.  The  mottling  is  so  close  in  some  lavers  that  the  effect 
is  of  wavy  bands.  Another  type  of  color  difference  con- 
sists of  lines  of  white  grains,  forming  an  irregular  net- 
work through  the  darker  rock.  The  lines  at  some  places 
converge  into  ill-defined  whitish  blotches.  At  other  places 
the  lines  and  blotches  are  of  pinkish  dolomite.  In  the 
lower  part  of  the  very  dark  gray  dolomite  quartz-lined 
vugs  1  inch  or  2  inches  in  diameter  are  common. 

A  representative  specimen  of  eherty  dolomite  10  feet 
above  the  contact  with  Eureka  quartzite  in  thin  section 
shows  a  trace  of  quartz  grains  among  the  dolomite  grains, 
which  commonly  are  ().().")  to  0.1  millimeter  in  diameter. 
The  chert  consists  of  a  miciogranular  quartz  mosaic 
(grains  commonly  ().()().")  to  0.01  millimeter),  which  con- 
tains veinlets  and  scattered  rhombohedra  of  dolomite. 
There  is  more  quartz,  about  3  percent,  in  a  thin  section 
of  typical  dolomite  in  the  upper  unit. 

The  following  section  of  Fly  Springs  dolomite,  meas- 
ured with  a  tape,  is  taken  as  the  standard  for  comparison 
in  the  region.  It  is  a  part  of  the  long  section  measured  on 
the  east  front  of  the  mountains  about  '21  miles  north  of 
I'lichebe  Peak,  southwest  of  the  Quartz  Spring  area: 

Hidden  Valley  dolomite. 

i  ( 'onformable  contact. ) 

Ely  Springs  dolomite :  Feet 

'1.  Light-gray  dolomite  grades  downward  into  about  100 
fill   of  medium-gray  dolomite  ;it   the  base  of  this  unit. 

Some  darker  mottling  and  wavy  streaks  <l it  detract 

from  the  general  effect  nf  being  much  lighter  than  the 
lower  unit  of  the  Ely  Springs  dolomite.  About  Hon  feet 
from  the  top  a  conspicuous  dark  layer  lii  feel   thick  lies 

in  the  light-gray  dolomite   3S0 

1.  Conspicuous  dark-gray  dolomite  containing  lighter  mot- 
tling, anil  some  white  dolomite  grains  anil  threadlike 
lines;  mar  the  base  there  are  some  quartz-lined  \  'tigs 
about  1  inch  to  "_'  inches  in  diameter.  Abundant  Hat  nod- 
ules of  elicit,  from  dark  brown  to  Mack,  tend  to  lie  par- 
allel to  the  bedding,  starting  80  feet  from  the  base,  and 
diminishing  in  proportion  to  the  dolomite  up  to  a  level 
about  2.T0  feet  above  the  base  of  the  formation.  Krnchio- 
pods   and    corals  500 


i  ( 'onformable  contact .  i 
Eureka  iiunrtzite. 


!M0 


The  following  section  was  measured  at  the  southern 
cud  of  the  central  long  ridge  of  the  Andy  Hills  on  the 
east  side  of  Hidden  Valley  : 

Hidden  Vallej  dolomite. 

i  ( 'onformable  contact,  i 

Ely  Springs  dolomite  :  Feel 

IN  b  I  .    No  on  I  crops  through  talus  on  the  upper  03  feet  of  the 

top  unit.   Thin   transitional   beds  of  light   and  dark 

dolomite  mottled  iii  streaks  parallel  to  the  bedding; 

some    I ii ii i| ■  \     chert    also    tends    to    he    parallel    to    the 

bedding        DO 

J  i  a  • .  Light-gray  dolomite,  grading  into  medium  gray  rspe 
ciallj   toward  the  bottom,  where  there  is  light-colored 

mottling  about  1   inch  in  diameter .      2~i0 

1  i  Ii  i .  I  »ark  smoke-gray  or  black  dolomite  contains  network 
ami  clusters  of  coarser  mains  of  verj  light-gray  ami 

pink  dolomite  grains ;  no  chert.    To 

1(a).  Dark-gray  and  black  dolomite  contains  abundant 
chert,  which  becomes  prominent  about  '2~>  feet  above 
base.  The  cherl  isdaik  gray,  weathering  dark  brown, 
and  forms  irregular  plates  that  appear  as  brown 
streaks  and  lenses  in  outcrops  across  the  bedding. 
Small  fragments  of  fossils  are  in  the  basal  2~>  feel  of 
dolomite.  (Jray  dolomitic  sandstone  lies  on  the 
Eureka  quartzite  at  the  base     32."i 


I  ( 'onformable  contai  l    i 
Eureka  ipiartzite. 


740 
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ROBERTS    MOUNTAINS 

REGION,    NEVADA 

(Merriam,   1942) 

QUARTZ    SPRING 

REGION,  CALIF 

(This    report) 

NOPAH  RANGE,  CALIF. 
(Hazzard,  1937) 
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Figure  6.     Tentative  correlation  of  the  formations  in  the  Quartz  Spring  area  with  the  forma- 
tions in  the  Roberts  Mountains  region  and  the  Nopah  Range. 
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Thickness.  The  stratigraphic  thickness  of  the  Ely 
Springs  dolomite  in  the  local  standard  section  about  2\ 
miles  north  of  T'behebe  Peak  is  940  feet.  In  another  sec- 
tion measured  on  the  same  mountain  front,  about  a  third 
of  a  mile  north  of  the  first  section,  where  the  upper  unit 
is  235  feet  thick  and  the  lower  unit  is  580  feet  thick,  the 
total  thickness  is  815  feet.  About  6  miles  east  of  these  sec- 
tions, in  the  Andy  Hills,  the  stratigraphic  thickness  of 
the  Ely  Springs  dolomite  is  740  feet. 

Age  and  Correlation.  A  few  fossils  from  the  Ely 
Springs  dolomite  in  this  region  have  been  identified. 
Those  listed  below,  collected  by  Miller  W.  Ellis  for  the 
Geological  Survey,  were  identified  by  (i.  Arthur  Cooper 
(written  communication  1949).  The  following  fossils  are 
from  the  base  of  the  dark-^rray  dolomite  at  the  locality 
2\  miles  north  of  Ubehebe  Peak  : 

E-l!>  St rept plasma  sp. 
Kesserella   sp. 

Dinorthis  aff.  D.  subquadrata    (Hall) 
Rhynchotrema  aff.  K.  capnx  (Conrad) 

and  from  a  place  higher  in  the  same  unit : 

E-20  Streptelasma  sp. 
Hal.vsites  sp. 

Rhynchotrema  cf.  K.  argenturhicum    (White) 
Zygospira  cf.  Z.  modest  us  i  Say  ) 

The  fauna  is  consistent  with  the  Late  Ordovician  age  of 
the  original  Ely  Springs  dolomite. 

On  the  basis  of  lithology  and  of  stratigraphic  position 
above  the  Eureka  quartzite  the  formation  can  be  corre- 
lated with  the  Ely  Springs  (  .' )  dolomite  of  the  Xopah 
Range  (Hazzard,  19:57,  pp.  325-326),  which  has  been 
correlated  tentatively  with  the  original  Ely  Springs  dolo- 
mite in  the  Pioche  district,  Nevada  (  VVestgate,  19:52.  pp. 
15-16).  A  similar  dark-jrray  dolomite,  though  unnamed, 
according  to  Hazzard  (19:57.  p.  326),  occurs  at  several 
localities  in  the  southern  (Jreat  Basin.  Ely  Springs  dolo- 
mite, associated  with  Eureka  quartzite,  was  seen  by  the 
writer  at  the  southeastern  end  of  the  Inyo  Range.  At 
the  eastern  base  of  the  Panamint  Range,  Hopper  mapped 
Ely  Springs  (  .' )  dolomite  and  tentatively  correlated  it 
with  the  Elv  Springs  dolomite  at  Pioche  (Hopper,  1947, 
p.  407,  pi.  1). 

Hidden  Valley  Dolomite  (Silurian  and  Lower  Devonian) 

Name  and  Occurrence.  The  Hidden  Valley  dolomite 
is  here  named  for  the  good  exposure  on  the  eastern  side  of 
Hidden  Valley  (fio-.  1  ),  about  :5  miles  east-southeast  from 
bench  mark  5980  (pi.  1  )  near  Lost  Burro  Gap.  The  besl 
exposure  of  the  formation,  however,  is  not  in  Hidden 
Valley  but  at  the  type  locality  about  (>1  miles  westward. 
The  type  locality  of  the  Hidden  Valley  dolomite  is  on  the 
eastern  flank  of  a  mountain  about  2.1  miles  north  of 
Ubehebe  Peak,  and  about  three-fourths  of  a  mile  west  of 
the  road  in  Racetrack  Valley.  The  formation  is  limited 
below  by  the  Ely  Springs  dolomite  and  above  by  the  Lost 
Burro  formation. 

Within  the  mapped  area  the  entire  section  of  the  Hid 
den  Valley  dolomite  occurs  in  the  Andy  Hills  on  the 
eastern  side  of  Hidden  Valley.  A  more  accessible  exposure, 
bearino-  conspicuous  silicified  fossils,  is  along  the  Hidden 
Valley  road  south  of  Lost  Burro  (Jap.  Here  the  section 
is  incomplete  but  is  representative  of  the  formation.  The 
Hidden  Valley  dolomite  crops  out  also  along  the  top  of 
the  ridge  east  of  Quartz  Spring,  and  on  Whitetop  Moun- 
tain   (see  pi.   1  i . 


The  topographic  expression  of  the  Hidden  Valley  dolo- 
mite is  like  that  of  the  »reat  thickness  of  dolomite  and 
limestone  above  and  below  it ;  all  these  units  tend  to  make 
steep  rather  blocky  slopes,  slightly  more  prominent  at 
cherty  zones. 

Lithology.  The  Hidden  Valley  rather  uniformly  con- 
sists of  dolomite  but  contains  considerable  nodular  chert 
near  the  bottom,  and  a  little  silt  and  sand  near  the  top. 
The  color  of  the  dolomite  in  the  lowest  and  highest  units 
is  a  medium  gray  that  weathers  light  olive  gray  or  yellow- 
ish gray;  in  the  middle  it  is  very  light  gray  or  creamy. 
At  most  places  it  lacks  very  dark  beds  except  on  Whitetop 
Mountain  on  the  main  crest  of  the  Panamint  Range  due 
east  of  Rest  Spring,  where  the  basal  beds  containing 
Silurian  fossils  are  nearly  black.  The  chert  is  light  gray 
or  light  brown  and  weathers  to  a  darker  brown.  It  forms 
nodules,  which  tend  to  join  into  coarsely  branching  masses 
or  irregular  beds.  Fossils  are  abundant  in  the  lower  part 
and  scarce  near  the  top  of  the  formation. 

In  samples  of  the  lowest  unit,  as  seen  in  thin  section. 
the  quartz-free  dolomite  forms  grains  commonly  about 
0.1  millimeter  in  diameter.  The  creamy  dolomite  of  the 
middle  unit  is  somewhat  coarser  grained  and.  where  ex- 
amined, is  fr if  quartz.  The  top  unit,  which  in  places 

has  a  few  thin  obviously  silty  and  sandy  beds,  is  fine- 
grained. In  a  thin  section  of  a  typical  specimen  the  dolo- 
mite contains  roughly  5  percent  quartz  grains  about  0.05 
millimeter  in  diameter. 

The  section  measured  with  a  tape  at  the  type  locality 
21  miles  north  of  I'behebe  Leak  follows: 

Lost   Burro  formal  ion. 

( Conformable  contact,  i 

Hidden  Vnllej   dolomite  : 

r<<  i 

3.  .Medium  dark  gray,  fine-grained  dolomite;  lacks  sandj 
or  chert)  lied-.,  excepl  for  a  15-foot  zone  of  brownish- 
weathering  silty  beds  at  the  base  of  the  unit  L'oo 

J.  Massive,  very  light  gray  (nearly  white)  dolomite, 
weathering  cream)  ;  becomes  slightly  darker  and  in 
places  faintly  mottled  with  darker  gray,  in  upper  part. 
The  only  trace  of  fossils  was  seen  near  the  base  of  the 
unit,  where  the  cellular  structure  of  favositoids  sur- 
vived the  rattier  coarse  crystallization  of  the  dolomite      730 

1.  Medium-gray  and  medium  lighl  gray  dolomite,  weather- 
ing light  olive  gray,  contains  conspicuous  chert.  The 
basal  beds  are  handed  gray  ami  lighter  gray  from  a 
fraction  of  an  inch  to  several  inches  thick,  having  rather 
\va\.\  contacts.  The  chert  is  light  gray  to  light  brown 
and  forms  nodules  that  in  section  are  round  or  .dilate, 
if  not  more  irregular  :  in  places  the  nodules  join  to  form 
chert  beds  •_»  to  4  inches  thick.  The  proportion  of  eherl 
decreases  above  a  zone  ^.">0  feet  from  the  base  of  the 
formation.  Abundant  fossils,  including  Conspicuous 
Hnlysites  catenularia,  about   32")  feet   above  the  base  43." 

1,36.1 
i  <  'onformahle  contact.) 
Ely  Springs  dolomite. 

Near  the  southern  ond  of  the  central  ridge  in  the  Andy 
Hills  the  following  section  of  the  Hidden  Valley  dolomite 
was  measured  : 

Lost    Burro  formation. 

I  Conformable  contact,  t 

Hidden   Valle)   dolomite  : 


Feet 


3(h)     Medium  dark  gray  dolomite,  weathering  lighl  olive 
Kray;     thin-bedded;    lower    .".<>    feet     fossihferous 

tSpiriirr  kobehttna  zone  of  Meniam) 

3(a)     Medinm-grav    dolomite    weathers   grayish    buff   or 
medium  gray  ;  thin-bedded.  About  ">  feet  of  brown- 
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Hi, i 


weathering  quartzil -ours  '■>'<  feet  above  the  base 

of  the  mi  it 

Very  light  gray,  nearly  white,  rather  coarse-grained 
dolomite  weathers  light  creamy  buff;  no  discernible 
bedding;  only  traces  of  fossils  such  as  the  honey- 
comb structure  of  favositoids__ 
Brownish-gray  dolomite,  weathering  yellowish 
brown,  contains  light-gray  chert.  Fossils__ 
1(a).  Medium-gray  dolomite,  weathering  medium  buff 
-ray.  contains  abundant  dark-gray  or  dark-brown 
chert,  constituting  up  to  a  half  but  more  usually  a 
third  of  the  rock.  The  chert  forms  irregular  nodules, 
many  of  which  appear  like  branching  somewhat  flat 
masses  or  irregular  sheets  1  inch  to  2  inches  thick, 
in  general  parallel  to  the  bedding.  Many  well-pre- 
served fossils  including  abundant  Halysites 


Fret 

450 

r,3.~. 

125 


00 


1  .36o 


(Conformable  contact.) 
Ely  Springs  dolomite. 

The  poorly  defined  threefold  nature  of  the  formation— 
that  is,  medium-gray  dolomite  containing  much  chert  in 
the  lower  part,  then  creamy  chert-free  coarser-grained 
dolomite,  overlain  by  somewhat  darker  thinner-bedded 
fine-grained  dolomite— is  persistent  through  the  area. 

Other  chert-bearing  dolomites  in  the  Paleozoic  section, 
such  as  the  Ely  Springs  dolomite,  could  be  mistaken  for 
the  Hidden  Valley  dolomite,  especially  if  they  are  suffi- 
ciently metamorphosed  to  obscure  characteristic  colors. 
The  dark-grav  Tin  Mountain  limestone  has  considerable 
chert  but  the  carbonate  rock  is  distinctly  limestone.  In 
isolated  outcrops  where  stratigraphic  relationships  are 
not  known,  the  upper  part  of  the  Hidden  Valley  dolomite 
could  be  mistaken  for  the  massive  dolomite  m  the  Pogomp 
limestone,  upper  Ely  Springs,  and  parts  of  the  Lost  Burro 

formation.  .         „ 

Thickness.  At  the  type  locality  on  the  west  side  ol 
Racetrack  Vallev  and  at  the  place  in  the  Andy  Hills  on 
the  eastern  side  of  Hidden  Valley,  (i  miles  from  the  first 
locality,  the  thickness  of  the  Hidden  Valley  dolomite  is 

1,365  feet.  ,     Ti.in      __  .. 

Age.  The  lower  fossiliferous  part  of  the  Hidden  \  alley 
dolomite  (unit  1)  is  Silurian,  probably  equivalent  in  age 
to  the  top  of  the  Clinton  group  in  the  Niagaran  series  . 
Near  the  upper  boundary  of  the  formation  (unit  3b), 
however,  a  fossiliferous  zone  50  feet  thick  is  Lower  De- 
vonian. Certain  diagnostic  fossils  from  the  Silurian  part 
were  identified  by  the  writer  early  in  the  work.  Halysites 
catcnnlaria  (Linnaeus)  and//",  microporus  (Whitfield), 
typical  of  the  Niagaran  series,  are  abundant  in  this  zone 
at  widelv  spaced  localities.  Favosites  cf.  F.  magarensts 
Hall  of  Niagaran  age,  though  much  less  abundant,  is  also 
characteristic  of  the  Hidden  Valley  dolomite.  A  different 
assemblage,  containing  Porpites  porpita  (Linnaeus),  a 
good  middle  Silurian  button  coral,  was  found  on  YYIutetop 
Mountain. 

Within  unit  1  of  the  Hidden  Valley  dolomite  at  the 
tvpe  locality,  the  small  rather  "lobular  Favosites  occurs 
in  the  basal  beds  and  upwards;  higher  it  is  associated 
with  horn  corals  and  a  few  brachiopods.  At  :VM)  feet  above 
the  base  the  Favosites  is  the  commoner  discoidal  form 
1  to  2  feet  in  diameter,  and  it  is  associated  with  a 
syringoporoid    coral.    Abundant    Halysites    occur    m    a 

•Clinton  group  and  Niagaran  series  are  used  in  Chart  No.  3  -Correla- 
'  tion  of  the  Silurian  formation*  ol  N^rth  America  (Swarti  , 
1942)  sponsored  by  the  National  Research  t  ouncil.  The  us,-  or  a 
terms  here  does  not  indicate  any  change  in  the  nomenclature  oi  the 
IT.  S.  Geological  Survey,  which  ((insiders  the  Clinton  as  a  t ovula- 
tion and  the  Niagara  as  a  group. 


highly  fossiliferous  zone  about  13  feet  thick  starting  325 
feet  above  the  base  of  the  formation.  Fossils  continue  to 
occur  sporadically  to  the  top  of  unit  1. 

The  well-preserved  specimens  of  Porpites  porpita  were 
found  near  the  base  of  the  formation  on  Whitetop  Moun- 
tain (see  pi.  1).  where  it  lacks  the  usually  characteristic 
chert.  Comparison  with  three  good  specimens2  of  P.  por- 
pita from  Gotland,  the  type  locality  of  the  species, 
suggested  to  the  writer  Unit  the  species  from  Sweden 
amf  California  are  possibly  identical  (McAllister,  1940, 
pp.  1984-1985).  The  morphologic  characters  of  the  speci- 
mens of  /'.  porpita  from  the  Panainint  Range  vary  widely, 
however,  and  include  the  features  shown  by  P.  rotuloides 
(Hall)  and  /'.  michiganensis  (Bassler).  The  stratigraphic 
range  of  P.  porpita — including  the  above  as  synonyms— 
when  correlated  according  to  the  Silurian  chart  sponsored  i 
bv  the  National  Research  Council  (Swartz,  et  al..  1942, 
chart  3)  is  essentially  the  same  in  North  America  (upper 
part  of  the  Clinton  and  in  the  Manistique  dolomite)  as  it 
is  in  Europe  (upper  part  of  the  Llandoverian  series  and 
Hie  lower  part  of  the  Wenlock  series).  The  species,  there- 
fore, is  a  good  marker  of  the  middle  part  of  the  Niagaran 
series. 

Other  specimens  of  button  corals  collected  much  later 
at  the  western  foot  of  Whitetop  Mountain,  although  from 
a  fault  zone,  were  believed  to  be  from  the  same  zone  of 
P  porpita.  A  report  on  the  collections  from  tins  locality 
(U-651)  bv  Jean  M.  Berdan  (written  communication. 
1950)  of  the  V.  S.  Geological  Survey,  in  consultation 
with  Edwin  Kirk,  Helen  Duncan,  and  C.  A.  Cooper, 
states  that  the  manv  small  button  corals  "superficially 
appear  to  be  close  to  the  Devonian  genus  Microcyclus,  as 
thev  have  a  well-defined  fossula,  a  structure  reported  to 
he  lacking  in  the  Silurian  button  corals.  However,  these 
specimens  have  acanthine  septa,  which  are  characteristic, 
of  Porpites  and  other  Silurian  'aeanthocychd'  ■'  corals 
and  mav  represent  a  new  genus.4  This  collection  als< 
contains  a  small  Halysites  unlike  those  in  the  other  col 
lections  |  from  north  of  Lbehebe  Peak],  bryozoan  frag 
ments,  a  few  brachiopods  of  Silurian  affinities,  and  tin 
pygidium  of  a  bumastid  trilobite. " 

Fossils  from  the  lowest  unit  of  the  Hidden  Valley  dole 
mite  uearlv  a  mile  south  of  Hie  type  locality  were  col 
lected  bv  i\I.  W.  Ellis  for  the  V.  S.  Geological  Survey 
(i.  Arthur  Cooper  (written  communication,  1949)  re 
ported  the  following  about  them: 

-K1S— Corals,    mostly    unidentifiable.    The    collection    contain 
If„l„sHcx  with  numerous  cup  corals,  possibly  including  .\uiplc*n 


>  Contributed  by  H.  C  Pchenck  to  the  Stanford  Cnivei  .it  c  1  lee  i.  >i 
■  ■•The  term  ■acanthocyclid'  is  used  here  to  indicate  sti  uctur. .1  re 
tionship  with  the  group  of  coral  genera  Hill  included  u  the  m 
Acanthocyclidae.  As  the  name  of  the  type  genus  was  i  bse quent 
found  to  be  pre.  coupled  and  as  no  new  family  has  yet  1  een  esta 
lished  for  these  corals,   it   has  been   necessary  to  emplo>    in\al< 

i  V(-cordinng'toSHelen  lumoan,  who  has  recently  studied  a  large  sui' 
'  of  topotypes  of  Porpites  porpita  in  the  collections  of  the  U. 
National  Museum-  "All  the  Cotlandian  specimens  examined  e 
hib  U  a  s'omewha aborted  cardinal  septum,  a  feature  that  appa 
ent  v  hasbeen  overlooked  or  ignored  by  previous  inves t.ga tors.  . 
[s  true  that  the  effect  of  this  short  major  senium  on  the  str  long 
radial  septal  plan  is  scarcely  noticeable  in  the  calyx  .hut  in  spe< 

'  s  ground  down  to  the  basal  disc,  the  gap  prof iiced by . 
shortening  of  the  cardinal  septum  is  rather  conspicuous  and  in  it 
opinion  ecu-responds  to  the  cardinal  fossula  commonly  develop** 
,  ■  rugose  corals  It  appears  that  the  genus  Porpi  cs  should 
•  .v  ,1  to  in.-lu  1  ■  species  with  fossulae.  Coder  the  circumstano 
iesVee  no  ob  ection  to  referring  the  sneoimens  from  the  Silurian  p 
,,,-  the  Hidden  Valley  dolomite  to  PorpOrs:  however,  these  spr 
mens  have  conspicuous  cardinal  fossula.-.  as  well  as  pun i.it 
arranged  septa,  and  pits  marking  the  position  "f'eaaros 
and  it  seems  to  me  thai  these  characters  are  siimcieiith  dt.ignoi 
to  distinguish  the  California  species  lr.  m   /  .  porpUu. 
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.-in z  others.  One  K"<m1  Silurian   index  present   is   Favosites  like 

/•'.  t/othlnndira.  Also  present  are  corals  resembling  Ptychophyllum. 
The   sponge   Ilindia   is  present." 

:  Collections  submitted  later  from  the  type  locality  and 
•'.ne  (U-651  )  from  the  base  of  Whitetop  Mountain  were 
llescribed  by  J.  M.  Berdan  (written  communication, 
111  950).  in  consultation  with  Edwin  Kirk.  Helen  Duncan, 

mil  (!.  A.  Cooper,  as  follows: 

'•Collections  1-137  A  and   [M37-E+20  consist  of  several  kinds 

of  (i  rals,  with  the  genus  Halysites  predominating.  Most  of  these 

specimens  are  too  poorly  preserved  for  specific  identification,  but 

even    if    the    material    were    well    preserved,    it    is    douhtfiil    that 

specific   identification    would   he   possible,   as  little   work   has   been 

done    on    the    Silurian    corals    of    the    Great    Basin    province    and 

!    many    of   these    forms    probably    are    unilescribed    species.    In    the 

I    case   of   the    species   of    Halt/sites,   affinities    have    been    indicate! 

with  varieties  described  by  Lainbe   (Geol.  Surv.  Canada.  Contril). 

Canadian   Paleontology,   vol.  4.  pt.   1,  1N!>!»)    from  Canada,  but    it 

should   be   recognized   that    this    is   based   entirely  on   the   size  of 

1    the  corallites   without    reference   to  the   internal   structure  and   is 

:    extremely   tentative.   Collection    ("-137-F+    contains,    in    addition 

!    to  the  corals,  large  crinoid  eolumnals  which  have  pores  through 

i     the  walls  and  eccentric  lumens,  but  otherwise  appears  to  represent 

the  same  fauna  as  the  two  above  collections." 

***** 
"U-137-A.     Favosites   sp.   with   large   corallites,   Favosites   sp. 
with  smaller  corallites.   Heliolites  sp.  with  large  corallites.   Helio- 
litcs  sp.   with    smaller   corallites.   cyathophyllid    horn   coral,   badly 
decorticated. 

"l*-137-E+20.  Jfalysites  (Cystihaly  sites)  sp.  aff.  //.  Catenu- 
Inria  var.  simpler  I.ainhe,  Halysites  (Halysites)  sp.  of  medium 
size.  Hali/sites  sp.  aff.  //.  ratenularia  var.  micropore  Whitfield, 
zaphrentid  born  coral,  cyathophyllid  horn  coral.  Alveolites  ''.  sp.. 
coral  superficial!)  resembling  Clndopora,  and  a  phaceloid  rugose 
coia  I. 

"I'-tri  [Locality  at  western  base  of  Whitetop  Mountain], 
Tryplaxmu  sp..  zaphrentid  horn  coral  I  contorted  corollum)  ; 
acanthocyclid'  coral  with  fossulae,  Porpites  aff.  /'.  porpita '. 
Halysites  sp.,  not  same  as  those  of  other  collections;  hryozonil 
fragments;  Atrypa  cf.  .1.  reticularis;  l'armorthis  sp.  ;  Rhipido- 
wclhi  sp.  ;   pygidium  of  bumastid  trilobite." 

Fossils  of  the  uppermost  unit  (Lower  Devonian)  of 
he  Hidden  Valley  dolomite  (unit  3b),  from  a  zone  50 
eet  thick  lying  15  to  65  fed  below  the  top  of  the  fqrma- 
ion  in  the  Andy  Hills  (see  pi.  1)  were  identified  and 
on-elated  bv  (!.  Arthur  Cooper  (written  communication, 
949)  as  follows: 

U-436a   Favosites  sp. 

I'apiliophylluin  elegantulum  Stumm 
ISrcviphvlluni   lonensis    (Stumm  I 
Hre\  iphrent  is   in\  afrinatus   (Stumm) 
I   nidentifiable  cup  corals 
Branching  ( !ladopora 

Heliolites   sp. 

Acrospirifer   kohehann     (Merriani) 

Meristella  robertsensis  Merriani 

I'latyceias  sp. 
"This  collection  is  Lower  Devonian  ill  age,  the  Oriskany  por- 
tion of  the   Nevada   limestone  of  Merriani." 

The  fauna  contains  some  of  the  distinctive  forms  of  the 
'pirifer  kobehana  zone  at  the  base  of  Merriani 's  restricted 
levada  limestone  (Merriani,  1!)4<),  pp.  52-53,  fig.  7.  tables 

and  4).  In  addition  to  Acrospirifer  kobehana  (Mer- 
iam),  it  has  the  diagnostic  species  Pajtiliophyllum  ele- 
antulutn  and  Meristella  robertsensis.  C.  W.  Merriani 
iter  collected  from  unit  .'5(b)  in  the  Andy  Dills  and 
oiind  in  some  abundance  a  large  Spirifer  of  the  Spirifer 
renosa  (Conrad)  group  (  written  communication,  1950), 
onfirming  the  ( iriskany  age. 

The  Silurian-Devonian  boundary  thus  falls  within  the 
ppermost  part  of  the  Hidden  Valley  dolomite.  The  per- 
istent    lithologic   change   is  above   the   Lower   Devonian 


fossils,  in  contrast  to  the  minor  variations  in  lithology 
below  the  fossiliferous  beds.  These  minor  variations  are 
poorly  defined  and  have  not  been  correlated  from  place 
to  place.  The  distinctive  formational  boundary  has  been 
readily  mapped  over  a  broad  area. 

Correlation.  Rocks  containing  Niagaran  fossils  long 
have  been  known  in  the  Great  Basin.  The  Lone  Mountain 
formation,  named  by  Hague  in  1883  in  the  Eureka  region, 
contains  Niagaran  fossils  in  the  upper  part,  and  Upper 
Ordovician  fossils  in  the  lower  part.  Spurr  (1903,  p.  86) 
in  the  Hot  Creek  Range,  Nevada,  identified  fossils  prob- 
ably of  Niagaran  age,  including  "Halysites  catenulatus, 
large  variety"  and  "H.  catenulatus,  small  variety"  in 
the  Lone  Mountain.  He  noted  the  occurrence  of  "Upper 
Silurian"  rocks  above  the  Eureka  quartzite  near  Cotton- 
wood Canyon  in  the  northern  Panamint  Range,  without 
describing  the  rock,  so  that  he  may  have  meant  the  Ely 
Springs  rather  than  the  Hidden  Valley  dolomite.  Spurr 's 
reference  to  the  Silurian  is  apt  to  be  confusing  because 
he  follows  an  older  usage  and  includes  Ordovician  in 
Silurian,  except  when  he  quotes  other  geologists.  The  Lone 
Mountain  formation  in  the  original  sense  was  used  by 
Ball  to  include  strata  of  Trenton  and  Niagaran  age — that 
is.  the  Ely  Springs  as  well  as  the  Hidden  Valley.  From 
the  descriptions  of  occurrences  in  the  Amargosa  Range 
it  is  impossible  to  judge  whether  Ball  (1907.  p.  165)  rec- 
ognized the  equivalent  of  the  Hidden  Valley.  No  Lone 
Mountain  was  described  in  the  Panamint  Range. 

Later  publications  on  the  Great  Basin  describe  Silurian 
rocks  without  a  name,  such  as  in  the  Piocbc  region  (  West- 
gate  and  Knopf,  1932.  p.  16).  the  Spring  Mountains  re- 
gion i  Nolan,  1929.  p.  462),  the  Nopah  Range  i  Hazzard, 
1937,  p.  326),  and  questionably,  south  of  Pinto  Peak  in 
the  Panamint  Range,  where  they  were  grouped  with  Devo- 
nian rocks  (  Hopper,  P'47.  p.  408).  These  Silurian  rocks 
in  the  Pioche  district  were  eon-elated  by  Kirk  (Westgate 
and  Knopf,  1932,  p.  16)  with  the  Fusselinan  limestone 
of  the  El  Paso  region  and  New  Mexico,  as  well  as  with 
the  Niagaran  part  of  the  Lone  Mountain  limestone. 

The  Lone  Mountain  formation  in  the  Roberts  Mountains 
region  was  restricted  by  Merriani  (1940,  p.  13)  to  the 
uppermost  part  of  the  original  Lone  Mountain  limestone, 
which  "is  largely  dolomitic  and  barren  of  determinable 
fossils  with  the  exception  of  a  single  specimen  of  a  poorly 
nreserved  fSyringopora  found  within  a  few  feet  of  the 
base  at  Pone  Mountain.  The  determination  of  age  rests 
therefore  on  position  of  the  formation  between  the  fossil- 
bearing  Roberts  Mountains  formation  and  the  Nevada 
formation."  Merriam's  restricted  Pone  Mountain  forma- 
tion is  approximately  equivalent  to  the  middle  and  some 
of  the  upper  part  of  the  Hidden  Valley  dolomite  'see  fig. 
G).  and  his  Roberts  Mountains  formation  (the  middle 
unit  of  tlie  original  Lone  Mountain  limestone)  is  equiva- 
lent to  the  lower  part  of  the  Hidden  Valley  dolomite.  The 
lowest  unit  in  the  original  Lone  Mountain,  of  late  Ordo- 
vician age,  was  called  Hanson  ('reek  formation  by  Mer- 
riani. and  it  is  equivalent  to  the  Ely  Springs  dolomite  as 
used  in  the  Panamint  region. 

The  uppermost  part  of  the  Hidden  Valley  dolomite 
<  unit  3|  b  i  I  corresponds  in  age  to  the  lowermost  pari 
of  the  Nevada  formation  as  defined  by  Merriani  (1940, 
pp.  13-14  i.  The  Spirifer  kobehana  zone,  which  is  the  first 
persistent  fauna]  zone  of  early  Devonian  age  in  the 
Roberts  Mountains  region,  lies  loo  to  150  feet  above  the 
base  of  the  Nevada    formation  at    Lone   Mountain    ( Mer- 
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FiorRE  7.     Lost  Burro  formation  at  type  locality.  Western  side  of  Lost  Burro  (Jap  at  southern  end.  Lost  Burro  for- 
mation, Dlb,  is  above  Hidden  Valley  dolomite,  Shv,  and  below  Tin  Mountain  limestone,  Ctm. 


riam,  1940,  p.  52).  The  base  of  the  same  faunal  zone  in 
the  Quartz  Spring  area,  where  the  zone  is  50  feet  thick, 
lies  65  feet  below  the  top  of  the  Hidden  Valley  dolomite. 

Lost  Burro  Formation  (Middle  (?)  and  Upper  Devonian) 

Name  and  Occurrence.  The  Lost  Burro  formation  is 
here  named  for  exposures  at  Lost  Burro  Gap,  through 
which  the  road  passes  from  Racetrack  Valley  to  Hidden 
Valley.  The  type  locality  is  on  the  western  side  of  the 
gap  at  the  southern  entrance  ;  it  extends  from  the  Hidden 
Valley  dolomite  at  the  base  of  the  slope  to  the  Tin  Moun- 
tain limestone  near  the  top  (fig.  7). 

The  Lost  Burro  formation  is  exposed  extensively,  al- 
though not  continuously  from  bottom  to  top,  at  other 
places  in  the  Quartz  Spring  area.  The  best  outcrops  are 
in  Lost  Burro  Gap,  the  Andy  Hills,  East  Crest,  and  along 
the  flanks  of  West  Crest.  The  formation  is  widespread 
also  in  the  surrounding  region  between  Death  Valley  and 
Saline  Valley.  It  tends  to  form  conspicuous  cliffs,  and 
high  steps  in  canyons. 

Lithology.  The  general  appearance  of  the  Lost  Burro 
formation  is  of  a  very  light  gray  dolomite  prominently 
striped  with  nearly  black  limestone  and  dolomite.  The 
color  alone  is  not  a  reliable  indicator  of  whether  the  rock 
is  limestone  or  dolomite,  but  the  limestone  where  not 
metamorphosed  is  dark?  The  lower  part  is  entirely  dolo- 
mite. Sandy  beds  that  weather  brownish  gray  mark  the 
base  of  the  formation.  At  some  places  the  sand  forms 
layers  of  vitreous  quartzite  2  or  3  feet  thick,  which  weather 
into  massive  blocks  but  show  thin  bedding  and  cross- 
bedding.  Throughout  the  rest  of  the  formation  up  to  the 
quartzite  and  sandy  shale  at  the  top,  the  quantity  of  sand 
in  the  rocks  is  negligible.  Midway  in  the  section  conspicu- 
ous black  limestone  beds  consist  of  masses  of  stromatopo- 


roids,  of  which  the  peculiar  concentric  cellular  structure 
is  sufficiently  persistent  to  be  considered  a  lithologic 
characteristic  of  that  part  of  the  formation.  In  the  same 
way  spaghettilike  outlines  of  masses  of  cladoporoids  in 
several  beds  can  be  considered  another  characteristic  of 
the  lithology.  Within  the  region  the  combination  of  these 
two  structures  of  organic  origin  occurs  in  none  of  the 
other  formations  and  is  an  excellent  indicator  of  the  Lost 
Burro  formation. 

The  following  section  was  measured  by  tape  at  the  type 
localitv  of  the  Lost  Burro  formation,  south  of  Lost  Burro 
Gap  (fig.  7)  : 

Tin   Mountain  limestone. 

(Conformable   contact. ) 

Lost  Burro  formation:  Feet 

5.  Very  light  gray  sandy  dolomite  and  quartzite;  upper 
part  weathers  brown  ;  uppermost  part,  somewhat  shaly, 
weathers  slightly  pinkish  brown;  (contains  excellent 
Cyrtospirifer  in  outcrops  at  lower  end  of  Lost  Burro 
Cap)     &" 

4.  Very  light  gray  dolomite  and  some  interstratified 
medium  gray  dolomite,  producing  a  banded  effect  similar 
to  the  underlying  unit  but  in  general  much  lighter  gray     33-i 

.'?.  Dark-gray  dolomite  mottled  by  white  forms  resembling 
broken  spaghetti  ;  beds  of  stromatoporoids  in  very  dark 
gray  limestone  or  dolomite,  interbedded  with  light-  and 
•lark-gray  dolomite  and  limestone 1)30 

2.  Light-gray  dolomite  mottled  and  streaked  with  cream- 
colored  dolomite;  dark-gray  or  black  dolomite;  (lark- 
gray  dolomite  mottled  with  lighter  gray 17(1 

1.  Light-gray  sandy  dolomite,  weathering  mouse  gray,  con- 
taining abundant  chert  in  very  irregular  nodules;  sand 
weathers  dark  brown,  making  rough  surface,  and  in 
some  places  forms  quartzite 1->-i 

(Conformable  contact.)  1,525 

Hidden  Valley  dolomite. 
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The  lower  units,  1,  2,  and  3,  of  the  following  section  part  of  the  Cassadaga  stape  of  the  Upper  Devonian  (see 
were  measured  along  the  central  north-trending  ridge  of  Cooper  et  al.,  1942,  chart  4).  There  is  little  definitive 
the  Andy  Hills,  and  the  upper  units,  4  and  5,  were  meas-  faunal  evidence  for  assigning  much  of  the  formation  to 
Bred  up  the  southern  slope  of  the  hills  north  of  the  Andy  the  Middle  Devonian,  but  abundant  stromatoporoids  and 
Hills  (see  pi.  1)  :  cladoporalike  forms  surest  that  it  is  correlative  with  the 
Tin  Mountain  formation.  Creat  Basin  Middle  Devonian.  This  age  determination  is 
( Conformable  contact.)  supported  by  the  strati«raphic  position  of  the  formation, 
Lost  Burro  format  ion :                                                           Fot  without  obvious  depositional  breaks,  between  Upper  De- 
ri. Very  light  gray  sandy  dolomite  grading  into  quartzite;  vonian  and  Lower  Devonian  fossiliferous  zones. 

platy  brown-weathering  calcareous  sandstone  at  top;  Fossils  collected  from  the  sandy  uppermost  35  feet  of 

fossiliferous     40  .       T            .                .                                            •        '  l               . 

,   ,,       ...              ,  ,                ,                   .    ,.  .  the  Lost  Burro  formation,  at  the  lower  end  of  Lost  Burro 

4.    \  erv   light   grav   dolomite,  and   some   interliedded   me-  ,,          ,„       „ .                  -  ,       A.„     ,          ,               .    .     .  .       ™     ,     ., 

dinm  gray  dolomite                                                           295  ',aP  ( ""■  °)i  were  identified  and  correlated  by  G.  Arthur 

(Cap  in  measured  section,  where  covered  by  alluvium  Cooper  (written  communication,  1949)  as  follows: 

that  may  conceal  complicating  structures)  U-183  Cyrtospirifer  cf.  ('.  monticola   I  Haynes) 

.">.    Dark-gray  or  black  dolomite,  some  a  mass  of  stroma-  C.  cf.  C.  dis.iunctus   <  Sowerby  I 

toporoids,   and   some   mottled   by  spaghettilike  forms;  Tylothyris?  cf.  T.?  raymondi  Haynes 

medium-gray    and    light-gray    dolomite    interstrat  itieil  "Camarotoechia"  aff.   "('."   duplicata    (Hall) 

with  the  darker,  which  is  predominant  ( top  of  this  unit  Oleiothyridina  cf.  ('.  devonica  Raymond 

covered  by  alluvium) 1,400?  Productella  sp. 

2.  Medium-gray  dolomite  grading  into  layers  of  lighter  or  These  "...  are  clearly  related  to  Three  Forks  shale 

somewhat   darker  dolomite;   lacking  stromal n.ids  species.  The  species,  however,  of  ' Camarotoechia'  cf.  '('.' 

and    spaghettilike    markings;    basal    1>0    feet,    coarse-  ,       ,.      ,            ,•                            ,    ..              ...     ,,                                       ,  ,, 

grained  light  grav  dolomite  marked  bv  indistinct  wavy  dupltcata  indicates  corrclat.on  with  the  upper  part  of  the 

hands  roughly  parallel  to  the  bedding 2<><)  Cassadaga  stage  in  New  \  ork.     This  confirms  the  opinion 

I.  Medium-grax  sandy  dolomite;  20  feet  of  massive  very  earlier  expressed  in  the  field  by  ('.  W.  Merriam   (1947) 

light  gray  sandstone  1 7'.  feet  above  base,  separated  by  that  the  fauna  was  of  Three  Forks  a»;e  and  that  much  of 

10  feet  of  mud-stone  fn-m  underlying  dark-weathering  the  L()st  Burr()  formation  was  similar  to  the  Devils  Gate 

chert   zone  35   feet    thick 2.>0  c                                 x.            , 

formation  m  Nevada. 

(Conformable  contact,  i                                                       2,24.",?  Specimens  (  U-133  and  U-l  '{."ia  |  from  the  middle  of  the 

Hidden  Valley  dolomite.  formation,  starting  47.")  feet  below  the  top  and  continuing 

Stratigraphic  details  at  the  boundary  between  the  Lost  225  feet  lower,  were  too  poorly  preserved  to  identify  (G. 

Burro  formation  and  the  Hidden  Valley  dolomite  in  the  Arthur  Cooper,  written  communication,  1949)  other  than 

Andy  Hills  are  listed  below.  The  numbers  correspond  to  as   "unidentifiable    Bryozoa    and    corals;    Airypa    sp.; 

units  in  the  complete  sections  on  page  15  (  Hidden  Valley  branching^ Cladopora  ;  Silicified  and  unidentifiable  Stro- 

dolomite)  and  pape  19  (Lost  Burro  formation).  matopora." 

Lost  Burro  formation :                                                                 Feei  Th('  uPPer   Part  of   ,ll('  Lost   Burro   formation  can  be 

1.  Medium-gray  dolomite,  more  or  less  sandy  in  lenses  and  correlated   with   the   Sultan    limestone   as   established   by 

in  poorly  defined  discontinuous  beds;  a  few  inconspicu-  Ilewett   |  1931,  pp.  13-16)   in  the  GoodspringS  quadrangle, 

ous  pebbles  of  light-gray  dolomite  in  some  of  the  sandy  but  the  lower  part,  which  extends  well  below  the  stroma- 

laycrs _ ....  toporoid  beds  similar  to  the  basal  Ironside  member  of  the 

\  ery  light  grav  sandstone;  a   little  dolomite  cement   m  ,,     ,.          ,■                                             ..            ■     .      .,                •    „i„„*  ^p  4u„ 

massive  laver                                                                    20  Sultan  limestone,  may  continue  into  the  equivalent  ot  the 

Light-gray "mndstone  ( nonfissile  shale )                                  15  uppermost  part  of  the  GoodspringS  dolomite.  The  lower 

lira.v    chert,    weathering    brownish    black,    in    medium  part    of   tlie    Lost    Burro   formation   seems   equivalent    to 

light  gray  dolomite ;  less  chert  in  sandier  base                        35  t|1(.  Sultan  dolomite  as  redefined  by   Hazzard    (1937,  pp. 

.Medium-gray  dolomite  containing  hrownish-  weathering  r»00  .,.,,       ..        ,,        x.          ■     ■,                i  ,,.'   .v  „  „„„,],.  *,.„   „f  *l,„ 

,       V     i.               i      i  c     i  i                ii              i  .v_>-.$.sl  i   tor  the  Niipah    \anjre.  but  the  sanuv   toil  ot  the 

sand   and    silt    in    poorlv    defined    lenses   and    beds,   and  '            .    "    f      .       ,,        •                         u     1 

outlining  conspicuous  sinuous  branching  forms                 12.".  Lost  Burro  formation  is  Lithologically  similar  to  the  lower 

part  of  Hazzard 's  Stewart   Valley  limestone  (see  fig.  6). 

250  ti1(>  designation  of  the  lowest  member  of  the  Stewart 

Conformable  .....tact.  Valley  limestone  as  Mississippian  is  on  the  meager  faunal 

Hidden  Valley  dolomite:  Wisis  of  one  collect  ion  (No.  P.B.  G-5)  containing  "  Corals 

"af.  rtin^tldeT  ,,0,°mi,e'  wen,heri,,K  liSh«  olive      ^  and   Stromatopora   possibly   of   Mississippian   age."  The 

Same  medium  dark  Vrny^lohmiitV.Vimtalnrng  abun"  I'()St  Burro  formation  also  contains  corals  and  stromatopo- 

dant  silicified  fossils;  Spirifer  kobehana  /.one 50  roids,  which  though  of  undertermined  age  lie  under  the 

—-  diagnostic  Cyrtospirifer  zone  of  Late  Devonian  age.  The 
sandy  base  of  the  Lost  Burro  formation  is  similar  to  the 
Thickness.      At  the  type  locality  on  the  western  side  of  base   of   the    redefined    Sultan    dolomite,    which    Hazzard 
the  southern  entrance  to  Lost  Burro  (lap  the  stratijrra-  placed  lower  than  that  of  the  original  Sultan  limestone. 
phic  thickness  of  the  Lost  Burro  formation  is  1,525  feet.  But  Hazzard  in  19.">1   revised  the  Devonian  and  Carbon- 
The  total  thickness  of  the  section  measured  in  the  Andy  iferous  sections  in  the  Xopah  Range  by  dropping  Stewart 
Hills  is  questionable,  owing  to  structural   uncertainties  Valley  limestone  and  applying  Ilewett 's  terms  for  sub- 
in  units  3  and  4  and  under  the  alluvium  between  them.  divisions  of  the  Sultan  limestone  and  the  .Monte  Cristo 
Age  mid  Correlation.     The  age  of  the  Lost  liurro  for-  limestone.  To  Ilewett 's  members  of  the  Sultan  limestone, 
mation  is  Late  Devonian  and  in  part  probably  Middle  however,  Hazzard  added  " Basal  member, "  230  feet  thick. 
Devonian.    As  shown    by   excellently   preserved   brachio-  Thus,  as  nearly  as  can  be  determined  from  an  abstract, 
pods,  the  sandy  beds  within  35  feet  of  the  top  of  the  for-  the  Lost  Burro' format  ion  and  the  Sultan  limestone  in  the 
mation  correspond  to  the  Conneaut  group  in  the  upper  Nopah  Range  become  more  nearly  correlative. 
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Contact  of  Lost  Burro  formation,  I >H»,  with  overlying  Tin  Mountain  limestone,  ('tin.  Eastern  side  of  I^ost  Burro  Gap 
near  northern  end.  Ci/rlospirifer  /.one  in  brown  sandstone  shows   from   lower  left    to   top  of  view. 


In  east-central  Nevada  the  Devils  Gate  formation  in 
the  Roberts  Mountains  region  (Merriam,  1940,  pp.  16-17) 
appears  equivalent  to  the  upper  part  of  the  Lost  Burro 
formation;  and  the  restricted  Nevada  formation — all  but 
the  basal  part — apparently  corresponds  to  the  remainder 
of  the  Lost  Burro.  This  correlation  makes  the  Lost  Burro 
formation  approximately  equivalent  to  all  but  the  base  of 
the  original  Nevada  limestone.  Even  if  nearly  the  entire 
Devonian  succession  falls  thus  into  a  single  formational 
division,  the  Lost  Burro  formation  is  nevertheless  the 
appropriate  lithologic  unit  for  mapping  in  the  Quartz 
Kpriii"-  region.  This  does  not  force  the  Devonian  rocks 
here  into  a  single  time-rock  unit ;  the  number  of  time-rock 
units  within  it  depends  on  the  number  of  diagnostic 
faunas  that  can  be  correlated  with  those  in  established 
time-rock  units,  or  that  are  suitable  bases  for  new  ones. 
In  the  Pioche  district  the  Silverhorn  dolomite  and  part 
of  the  West  Range  limestone  (Westgate  and  Knopf,  1932, 
pp.  16-19)  in  lithology  and  age  seem  at  least  roughly 
equivalent  to  the  Lost  Burro  formation. 

Tin  Mountain  Limestone  ( Mississippian) 

Name  and  Occurrence.  The  Tin  Mountain  limestone 
is  here  named  for  the  northernmost  peak  in  the  Panamint 
Range  (see  Ballarat  quadrangle  map),  where  it  forms 
prominent  cliffs  near  the  top  on  the  eastern  and  southern 
sides  of  the  mountain.  As  the  top  of  Tin  Mountain  is 
somewhat  inaccessible,  the  type  locality  of  the  Tin  Moun- 
tain limestone  is  designated  as  the  southern  slope  of  the 
hills  about  2\  miles  southeast  of  Quartz  Spring  and  about 
3,000  feet  north  of  the  road  to  Rest  Spring,  where  the 
entire  sequence  is  exposed  from  the  underlying  Lost  Burro 


formation  to  the  overlying  Perdido  formation.  A  still  more 
accessible  exposure,  which  lacks,  however,  the  upper  con- 
tact of  the  formation,  is  at  the  northern  end  of  Lost  Burro 
Gap.  The  Tin  Mountain  limestone  crops  out  widely  and 
conspicuously  at  many  places  throughout  the  Quartz 
Spring  area.  It  forms  steep-walled  canyons  and  cliffs  on 
mountainsides  more  readily  than  any  of  the  other  forma- 
tions (fig.  9). 

Lithology.  The  lower  part  of  the  Tin  Mountain  lime- 
stone consists  of  dark-gray  limestone  in  beds  2  to  6  inches 
thick,  separated  by  much  thinner  beds  of  light  brownish 
gray  to  pale-red  shale.  The  upper  part  consists  of  medium- 
<jray  limestone  that  from  a  distance  appears  to  be  a  single 
massive  layer,  but  actually  the  limestone  is  in  beds  that 
range  in  thickness  from  a  few  inches  to  2  feet  (figs.  8  and 
9).  In  some  places  mere  traces  of  the  shale  remain  as 
pale-red  partings.  Some  beds  of  limestone  are  made  up 
of  fragmented  crinoid  stems.  An  abundance  of  Syringo- 
pora  is  distinctive;  favositoids  and  horn  corals  are  com- 
mon. Both  the  lower  and  upper  parts  of  the  formation 
contain  a  little  dark-o-ray  chert,  which  weathers  dusky 
brown  or  dark  yellowish  brown,  in  elongate  nodules. 

Features  that  distinguish  the  Tin  Mountain  limestone 
from  the  other  formations  of  the  region  are  the  persistence 
of  dark  limestone,  the  thin  pale-red  shaly  beds  and  part- 
ings,  chert  only  in  nodules,  and  the  abundance  of  Syringo- 
pora.  The  only  dark  limestone  stratigraphically  lower — 
the  limestone  in  the  Lost  Burro  formation — is  thinner, 
interstratified  with  dolomite,  and  is  marked  by  stroma- 
toporoid  and  cladoporoid  structures.  Stratigraphically 
hio-her,  the  only  massive  dark  limestone  is  in  the  Perdido 
formation,  which  though  gradational  from  the  Tin  Moun- 
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tain,  is  distinguished  by  beds  of  chert  and  thick  layers 
of  shale  and  siltstone  interbedded  with  the  limestone.  The 
distinctiveness  of  the  Tin  Mountain  limestone  makes  it 
an  excellent  marker. 

The  following  section  was  measured  at  the  type  locality  : 

I'erdido  formation. 

( <  'on  for  triable  contact.) 

Tin  Mountain  limestone:  Veet 
2.  Medium-gray  limestone  in  beds  a  few  inches  to  2  feet 
thick  but  resisting  as  a  unit  to  form  cliffs;  pale-red  part- 
ings are  faint  ;  some  nodules  of  dark-gray  chert  ;  poorly 
preserved  horn  corals  and  segments  of  crinoid  steins  scat- 
tered throughout 200 

1.  Medium  dark  gray  limestone  in  beds  2  to  (!  inches  thick  ; 
thinner  beds  of  calcareous  shale,  light  brownish  gray  to 
pale  red  ;  sonic  nodules  of  dark-gray  chert  ;  weathering 
dusky  brown  or  dark  yellowish  brown  ;  locally  somewhat 
concealed  bv  rubble  from  same  unit 2~.~i 


(Conformable  contact.) 
Lost   Burro  formation. 


475 


West  of  the  Quartz  Spring  area  another  section  show- 
ing the  two  characteristic  units  of  the  Tin  Mountain  lime- 
stone was  measured  in  the  canyon  draining  past  the  Ube- 
liebe  mine  (see  fig.  1  )  westward  into  Saline  Valley,  at  a 
prominent  constriction  in  the  canyon  about  a  mile  in  a 
straight  line  N.  70°  W.  of  the  mine  and  about  7  miles  in 
a  straight  line  due  west  of  the  type  locality  of  the  Tin 
Mountain  limestone. 

I'erdido  formation. 

Tin  Mountain  limestone:  Feet 

2.  Dark  bluish  gray  limcstoilf,  containing  dark-weathering 
chert  lenses  2  to  12  indies  long  and  1  inch  to  4  inches 
thick;  although  appearing  massive,   is  composed  of  beds 

(>  inches  to  2  feet  thick 263 

1.  Heds  of  dark-gray  or  light  brownish  gray  limestone  as 
much  as  (t  inches  thick,  separated  by  pah-  red  shaly  lime- 
stone beds  that  become  thinner  and  redder-gray  upward 
where  they  are  mere  red-tinged  partings  in  the  base  of 
the  overlying  unit  ;  somewhat  crenulated  Kit) 


Lost  Burro  formation. 
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Thickness.  At  the  type  locality,  about  2£  miles  straight 
southeast  of  Quartz  Spring,  the  thickness  of  the  Tin 
Mountain  limestone  is  47f>  feet,  and  about  7  miles  due 
west  of  that  locality  it  is  425  feet.  The  true  thickness  of 
the  lower  incompetent  unit  is  modified  by  crenulation  and 
boudinage  structure.  A  factor  of  uncertainty  in  compar- 
ing measurements  of  the  upper  unit  is  the  ^radational 
nature  of  the  contact  with  the  overlying  I'erdido  for- 
mation. 

Age  and  Correlation.  The  age  of  the  Tin  Mountain 
limestone,  according  to  a  qualified  determination  of  the 
poorly  preserved  fossils,  is  early  Mississippian.  The  alter- 
nate possibility  that  the  Tin  Mountain  limestone  is  older 
than  Mississippian  has  been  favored  by  ('.  W.  Merriam 
(oral  communication  in  the  field.  1947 ;  written  communi- 
cation. 1950).  Two  collections  of  fossils.  U-183tm  from  the 
excellent  exposure  at  the  lower  end  of  Los  Hurro  (Jap  and 
lT-20()  from  the  top  of  the  mountain  about  1,000  feet  south 
of  bench  mark  5980,  that  is  8,000  feet  south  of  the  first 
locality,  were  submitted  to  the  U.  S.  Geological  Survey. 
James  Steele  Williams'  report  (written  communication, 
1949)  on  the  collections  is  quoted  in  full  below: 

"Two   collections   are   described   as   being   from   this   formation 

I  -20(1  and    r-lS.'itm.   Collection    I'-lKltm    is  composed    of  corals! 

crinoid    columnals,    anil    several     incomplete    specimens    of    two 


species  of  brachiopods.  The  corals  were  studied  by  Miss  Helen  M. 
Duncan,  who  reports  as  follows: 

"  'This  collection  contains  several  specimens  of  Styringopora 
of  the  S.  nculeata  and  8.  surcularia  types  and  several  much- 
weathered  and  silicified  examples  of  small  horn  corals.  One  of 
the  specimens  shows  a  /.aphrentoid  arrangement  of  septa  in  early 
ephebic  stage,  but  the  lot  as  a  whole  is  too  poorly  preserved  for 
identification. 

"'The  Syringoporas  in  this  collection  look  like  species  that  are 
widely  distributed  in  the  lower  Mississippian  rocks  of  western 
I'nited  States.  In  the  West.  Syringopora  has  been  reported  from 
the  Devonian  in  a  few  areas,  mainly  in  the  southern  part  of  the 
(>reat  Basin  region.  Except  in  a  few  places  such  as  the  Eureka 
district  and  the  Roberts  Mountains,  Xevada,  however,  specimens 
are  apparently  not  abundant.  Walcotl  identified  the  two  Devonian 
species  found  in  the  Kureka  district  as  Syringopora  perelegant 
Hillings  and  S.  hisingeri  Billings.  Moth  species  are  readily  dis- 
tinguishable from  the  common  Mississippian  forms.  An  examina- 
tion of  thi'  Syringoporas  in  the  Survey's  Devonian  strat  igraphie 
collections  indicates  that  the  form  called  N.  perelegans  is  the 
species  commonly  associated  with  diagnostic  Devonian  fauna] 
assemblages   in   this   region. 

"'The  small    horn   corals,   though    not    identifiable   as   to  genus, 

appear    to   he   the   zaphrentoid   types    that    are   so   < inion    in    the 

lower  Mississippian  in  this  country. 

"  'A  considerably  more  diversified  coral  faunule,  including 
caninoids  and  clisiophyllids  as  well  as  zaphrentoids  and  syringo- 
poroids.  was  obtained  at  a  later  date  from  the  upper  part  of  the 
Tin  Mountain  limestone  at  the  type  locality  (collection  I'-t'iOdi. 
Studies  of  these  corals  are  not  yet  completed,  but  I  do  not  think 
there  can  be  any  doubt  that  the  assemblage  is  of  Carbon- 
iferous age.' 

"The  brachiopods,  though  not  specifically  determinable,  also 
suggest  Mississippian  ace.  They  have  been  designated  as  Npirifer 
cf.  N.  centronatus  Winchell  and  Composita?  sp,  indet. 

"Collection  I  200  consists  mostly  of  brachiopods,  but  contains 
two  fragmentary  and  silicified  horn  corals.  Miss  Duncan  examined 
the  horn  corals,  and  the  brachiopods  were  examined  by  Edwin 
Kirk,  G.  A.  Cooper,  Arthur  Bowsher,  and  me.  All  agree  that  the 
brachiopods  represent  a  fauna  that  is  very  probably  of  very  early 
Mississippian  age,  hut  definitely  diagnostic  characters  needed  for 
positive  identifications  are  preserved  on  so  few  of  the  individuals 
that  a  definite  age  reference  cannot  he  made.  A  qualified  deter 
initiation  as  early  Mississippian  is  the  best  that  can  be  made  on 
the  material  available  to  us.  The  following  is  a  list  of  identifica- 
tions, insofar  .is  they  may  be  made,   prepared  by  me. 

Horn  corals.  2  specimens 

( 'rinoid  columnals 

Kchinoid  plates 

Shuinardella  '.'  sp.   indet. 

Spirifer  cf.  S.  centronatus  Winchell 

Spirifer?  sp.  indet. 

Spirifer  or  Brachyth.v  ris  sp.  indet. 

( 'omposita V  sp.  indet. 

Productella?  sp.  indet.,  pari  of  an  interior 

Schizophoria '.'  sp.  indet. 

I'unctospiriferV  sp.  indet. 

"Regarding  the  two  horn  corals  listed  above,  Miss  Duncan 
states  : 

"'One  specimen  is  a  fragment  from  the  calicular  part  of  what 
is  interpreted  to  he  a  zaphrentoid  coral.  There  is  too  little  of  the 
COrallum  to  tell  what  the  genus  might  be.  The  larger  specimen 
is  incomplete  and  poorly  preserved.  It  might  be  a  Mississippian 
caninoid.  but  in  some  respects  it  seems  to  be  more  like  a  Devonian 
coral.   Data   from  the   corals   in   this  collection  are  inconclusive.'" 

As  a  working  hypothesis  it  is  proposed  that  the  Tin 
Mountain  limestone  is  equivalent  to  the  lower  part  of 
the  Madison  group.  This  is  based  not  solely  on  these 
properly  nonconimital  identifications  of  fossils  but  also 
on  the  lithologic  similarities  in  the  sequence  of  rocks  from 
the  Devonian-Mississippian  boundary  well  into  the  Mis- 
sissippian, as  described  in  areas  between  the  l'anamint 
Range  and  the  localities  of  established  Madison. 

Correlation  of  the  Tin  Mountain  limestone  with  the 
Mississippian  rocks  in  the  region  around  the  Quartz 
Spring  area  is  somewhat  difficult  because  the  Mississip- 
pian units  there  have  not  been  named  or  defined.  It  occurs 
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widely  in  the  adjacent  Ubehebe  Peak  quadrangle  and 
westward  in  the  Inyo  Range ;  conspicuously  dark  lime- 
stone in  the  Inyo  Range  is  equivalent  in  stratigraphic 
position  and  lithology  to  at  least  the  upper  unit  of  the 
Tin  Mountain  limestone.  Probably  some  part  of  the  Mis- 
sissippian  (and  older?)  rocks  described  by  Hopper  (1947, 
pp.  409-411)  in  the  northern  end  of  the  Argus  Range, 
about  30  miles  in  a  straight  line  south  of  the  Quartz 
Spring  area,  is  equivalent  in  age,  if  not  as  a  lithologic 
unit. 

In  the  Nopah  Range,  the  lithologic  description  of  only 
the  highest  unit  (14C)  of  the  Stewart  Valley  limestone 
(Hazzard,  1937,  pp.  275  and  333)  suggests  equivalency 
to  the  Tin  Mountain  limestone ;  the  two  lower  units 
appear  to  be  more  similar  to  the  Devonian  Lost  Burro 
formation  (see  fig.  6).  Hazzard 's  revision  in  1951,  how- 
ever, extends  the  Monte  Cristo  limestone  downward  to 
include  part  of  the  original  Stewart  Valley  limestone  and 
drops  the  name  "Stewart  Valley  limestone."  The  Mis- 
sissippian  formation  in  the  Goodsprings  area,  the  Monte 
Cristo  limestone  (Hewett,  1931,  pp.  17-19),  is  litholog- 
ically  unlike  the  Tin  Mountain  limestone  although  the 
faunas  suggest  at  least  approximate  equivalency  in  age. 
The  Bristol  Pass  limestone  in  the  Pioche  district  is  similar 
in  lithology  and  age  to  the  upper  unit  of  the  Tin  Mountain 
limestone,  and  in  the  section  south  of  Silverhorn  (West- 
gate  and  Knopf,  1932,  p.  17)  the  West  Range  limestone 
above  the  Devonian  fossils  near  the  bottom  would  then 
correspond  to  the  lower  unit  of  the  Tin  Mountain  lime- 
stone. The  remainder  of  the  West  Range  limestone  and 
underlying  sandy  part  of  the  Silverhorn  dolomite  are 
not  too  dissimilar  in  rock  type  and  age  to  be  provisionally 
correlated  with  the  top  of  the  Lost  Burro  formation.  In 
the  Roberts  Mountains  region  there  seems  to  be  no  litho- 
logic unit  of  Mississippian  age  equivalent  to  the  Tin 
Mountain  limestone.  In  the  Ely  area  the  dual  combina- 
tion of  the  nonresistant  Pilot  shale  and  the  overlaying 
cliff- forming  Joanna  limestone  (Spencer,  1917,  p.  26) 
suggests  the  sequence  of  lower  and  upper  Tin  Mountain 
limestone;  the  little  that  has  been  published  about  their 
ages  (Weller  et  al.,  1948,  p.  134)  supports  the  suggestion. 

Perdido  Formation   (Mississippian) 

Name  and  Occurrence.  The  Perdido  formation  is  here 
named  for  Perdido  Canyon  (pi.  1),  where  the  formation 
is  exposed  from  the  foot  of  the  southern  wall,  about  9,000 
feet  southeast  of  Quartz  Spring,  over  the  hill  to  the 
underlying  Tin  Mountain  limestone.  In  the  canyon,  a 
fault  between  the  Perdido  and  Rest  Spring  formations 
cuts  out  the  uppermost  part  of  the  Perdido,  but  this 
segment  is  well  exposed  south  of  Rest  Spring.  The  type 
locality  extending  south  from  Perdido  Canyon,  therefore, 
is  supplemented  by  a  second  locality,  about  3,000  feet 
south  of  Rest  Spring,  for  the  uppermost  part  of  the 
Perdido  formation. 

The  most  conspicuous  exposures  lie  in  a  much-faulted 
strip  that  trends  north  from  the  Rest  Spring  road,  through 
the  middle  of  the  area  to  the  northern  border  (figs.  9, 
10,  and  11).  The  southern  part  of  the  strip  is  readily 
accessible,  but  except  along  steep  gullies  the  exposures 
are  relatively  poor,  and  unmapped  minor  faults,  largely 
concealed  by  slope  rubble,  obscure  the  stratigraphic  se- 
quence. Excellent  but  less  accessible  outcrops  occur  in 
the  northeastern  part  of  the  area. 


FIGURE  0.      Tin  Mountain  limestone,  Ctm,  above  Lost  Burro  forma- 
tion, 1>11>,  and  below  Perdido  formation,  Cp,  on  northeastern  side  of 
Bighorn  Gap. 

The  upper  part  of  the  Perdido  formation  makes  smooth 
rounded  slopes  covered  with  fine-sized  rubble,  or  somewhat 
ribbed  slopes  (fig.  11).  At  favorable  locations  the  lowest 
part  of  the  formation  makes  cliffs,  which  are  less  pro- 
nounced than  the  cliffs  made  by  the  underlying  Tin 
Mountain  limestone. 

Lithology.  The  Perdido  formation  lithologically  is 
greatly  diversified  within  one  section  and  also  from  place 
to  place,  so  that  its  heterogeneity  is  an  outstanding  char- 
acteristic. It  is  somewhat  transitional  from  the  under- 
lying Tin  Mountain  limestone  to  the  overlying  Rest 
Spring  shale,  for  in  the  lower  part  dark  limestone  is 
predominant  over  the  interbedded  chert,  shale,  and  silt- 
stone,  and  in  the  upper  part  shaly  calcareous  siltstone 


Figure  10.     Siltstone  and  silty  limestone  in  Perdido  formation, 
north  of  Bighorn  (Jap. 


Quartz  .Spring  Area 


23 


**£*t 


FlGTRK    11. 


est  Spring  shall 
formal  ion,  Cp,  : 


(Vs.  faulted  down  against  Pcrdido 
hi t li  of  Kcst  Spring. 


or  fine-grained  sandstone  is  predominant  over  limestone. 
The  limestone,  both  fresh  ami  weathered,  is  medium  pray 
and  tends  to  break  down  into  small  platy  fragments  but 
less  readily  than  the  interstratified  silty  limestone.  Most 
of  the  limestone  is  fine-grained,  although  some  is  coarsely 
elastic  and  is  composed  of  crinoid  columnals  or  a  more 
varied  assortment  of  shell  fragments  and  pebbles.  Some 
of  the  upper  limestone  contains  considerable  sand,  which 
on  weathering  brown  in  the  gray  calcareous  matrix  may 
show  cross-bedding.  The  chert  ranges  in  color  from 
grayish  black  to  light  gray  and  weathers  from  gray  to 
brown.  Much  of  the  chert  forms  continuous  beds,  either 
sharply  defined  or  appearing  to  grade  into  the  adjacent 
dark  limestone;  some  of  it  is  a  more  or  less  incomplete 
replacement  of  crinoidal  limestone,  and  a  little  forms 
elongate  nodules.  The  clastic  rocks,  the  most  character- 
istic part  of  the  Perdido  formation,  range  from  shale 
through  siltstone  and  sandstone  to  conglomerate.  Of 
these,  siltstone  is  the  most  abundant.  It  is  commonly  light 
gray  or  pale  red  and  weathers  from  yellowish  to  reddish 
browns.  Near  igneous  intrusions  it  has  been  changed  to 
vitreous  quartzite,  which  also  weathers  brown.  The  coarse 
conglomerate  occurs  only  locally,  and  consists  of  rocks 
from  the  Perdido  formation.  As  exhibited  south  of  Rest 
Spring,  the  10-foot  intraformational  conglomerate  layer 
may  have  been  deformed  while  still  unconsolidated.  Its 
origin  deserves  further  study. 

The  lithology  of  the  Perdido  formation  at  the  type 
locality,  as  described  below  in  the  measured  section,  is 
representative  rather  than  definitive  of  the  formation, 
because  at  other  localities,  even  nearby,  the  sequence  varies 
greatly  and  the  strata  cannot  be  convincingly  correlated. 
In  general  the  siltstone  is  the  most  diagnostic  feature  of 
the  Perdido  formation.  The  lower  part  of  the  formation 
is  distinguished  from  the  Tin  Mountain  limestone  by  the 
siltstone,  shale,  or  continuous  beds  of  chert,  in  the  pre- 
ponderant limestone,  although  the  two  formations  are 
'somewhat  gradational.  Where  poorly  exposed  the  lower 
boundary  may  not  be  mapped  (on  pi.  1)  at  precisely  the 
same  stratigraphic  position.  The  shaly  character  of  the 
upper  part  may  seem  gradational  with  the  Rest  Spring 
shale,  but  the  upper  boundary  is  sharp  and  rarely  ques- 
tionable. The  Rest  Spring  shale,  unlike  the  Perdido  for- 
mation, normally  has  no  reddish  tints  and  in  this  area 
consistently  contains  no  limestone.  On  the  geologic  map 
(pi.  1  ),  however,  some  exposures  of  the  5-foot  uppermost 


unit  (no.  11)  of  the  Perdido  formation  are  not  distin- 
guished from  Rest  Spring  shale.  This  border  unit,  despite 
the  lithology,  at  the  time  of  mapping  was  considered  to 
be  the  basal  unit  of  the  Rest  Spring  shale.  The  top  of  the 
Perdido  formation  in  the  Quartz  Spring  area,  but  not 
everywhere  south  westward  in  the  Tbehebe  Peak  quad- 
rangle, invariably  is  marked  by  the  grayish-red  soft  shale 
capped  by  a  thin  bed  of  fossiliferous  limestone. 

Section  of  the  Perdido  formation  measured  with  a  tape 
at  the  type  locality  starting  south  of  Rest  Spring: 


Rest  Spring  shale. 

i  ( Jonformable  contact.) 

I'erdido  formation  : 

11.   Wry  soft   shale,  grayish   red  to  grayish  red  purple, 

fossiliferous,    at    surface 
loose   powdery   material 


Feet 


invariably  breaks  down  to 
capped  by  thin  bed  (about 
<i  inches  to  1  foot  i  or  lenses  of  dark-gray  fine-grained 
limestone  containing  abundant  excellently  preserved 

Cravenocerai 5± 

10.  Thin  to  medium  beds  of  medium-gray  limestone,  in 
places  conspicuously  Rand}  and  cross-bedded  ;  upper- 
most bed  contains  productids  ;  interbedded  thin  layers 
of  Calcareous  siltstone  or  sandstone 15± 

!•.  Conglomerate  of  constituents  as  large  as  boulders  (.'{ 
feet  longest  dimension  i.  suhangular  to  rounded,  com- 
posed of  limestone  I  some  crinoidal.  containing  also 
horn  corals  and  brachiopods),  dark-gray  chert,  and 
grayish-red  siltstone.  The  matrix  is  medium-gray 
limestone  faintly  tinged  red.  containing  irregularly 
distributed  silt,  tine  sand,  ami  shell  fragments,  in 
places  lenticular  and  channel-bedded.  Local  and 
essentially   intraformational 10 

8.  Calcareous  siltstone,  somewhat  platy,  pale  red 
weathering  reddish  brown,  but  in  places  moderate 
yellowish  brown  to  grayish  orange  weathering  light 
to   moderate   brown 8."» 


Section  continued  at  the  type  locality  south  of  I'erdido  Co 
7.  Interbedded  chert,  siltstone,  and  limestone;  chert 
ranging  from  grayish  black  to  light  gray,  acquiring 
brownish  tinges  on  weathering,  some  clearly  a  re- 
placement of  crinoidal  limestone;  siltstone  as  in  unit 
8;  limestone  medium  to  light  gray,  subordinate  to 
chert  and  siltstone;  base  marked  by  2-foot  light-gray 
clastic    crinoidal    limestone    under    1 1  foot    layer    of 

grayish-black  chert 

(1.    l'oor  exposure  of  platy  limestone,  dark  chert  ;  at  base. 
.">   to    10   feet    of  clastic'   limestone    (limestone   pebbles, 

shell  fragments)   containing  chert  lenses 

.">.    Limestone  and  chert  float 

4.    Light-gray  shale,  somewhat   siliceous 

.'!.    Impure  limestone,  silty  and  cherty,  containing  some 

line  grained  conglomerate  ;  fossiliferous 

2.   Thin-bedded  limestone  and  chert  making  massive  unit 

1.    Interbedded  limestone,  siltstone,  silty  limestone,  and 

chert  ;  limestone  medium  gray,  weathering  into  platy 


70 

So 
41 
20 

32 


chips  from  layers  2  to  .'<  feet  thick,  which  make  ribs 
on  moderate  slopes  ;  siltstone  and  silty  limestone 
range  from  reddish  brown  to  light  gray,  weathering 
yellowish  browns;  chert  makes  thin  continuous  beds 
in  ribby  limestone  ;  about  20  feet  from  top,  conspicu- 
ous (J-foot  bed  predominantly  chert,  brown  weathering 


610± 


(  ( 'onformable  contact.) 
Tin  Mountain  limestone. 


A  section  of  the  Perdido  formation,  about  7  miles  in 
a  straight  line  west  of  the  section  at  Perdido  Canyon, 
was  measured  at  the  mouth  of  the  prominent  constriction 
in  the  canyon  below  Ubehebe  mine  (about  1  mile  straight 
N.  70°  W.  of  the  mine)-  A  brief  description  of  it  follows: 
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Rest  Spring  shale. 
(Possibly  fault  contact.) 

Perdido  formation  :  Feet 

(Numbers  of  units  do  not  correspond  to  numbers  in  previous 
section.) 

5.  Olive-gray  and  olive-brown  silty  limestone,  breaking  into 
small  angular  fragments  in  slope  rubble,  which,  starting 
13  feet  above  base  of  unit,  covers  it  for  40  feet  ;  some- 
what hornfelsic  in  places;  upper  part  medium  gray, 
weathering  olive  gray 115 

4.  Dark  argillaceous  limestone ;  abundant  grayish-black 
chert  in  upper  8  feet;  more  argillaceous,  weathering 
reddish  brown  in  lower  12  feet  ;  poorly  exposed 20 

3.  Medium  dark  gray  crinoidal  limetone,  weathering  as 
massive  unit 25 

2.  Medium  dark  gray  conglomeratic  limestone;  scattered 
pebbles,  cobbles,  and  boulders  of  dark-gray  chert  and  of 
limestone  distinct  from  matrix,  up  to  2  feet  long  and  1 
foot  thick,  well  rounded 10 

1.  Medium  dark  gray  limestone,  cherty  in  places  ;  upper  half 
preponderantly  shale  or  siltstone,  weathering  into  small 
platy  fragments;  also  somewhat  argillaceous  near  base, 
weathering  into  platy  fragments 50 

(Conformable  contact.)  220 

Tin  Mountain  limestone. 

Thickness.  According  to  the  composite  section  meas- 
ured with  a  tape  at  the  type  locality,  the  thickness  of  the 
Perdido  formation  is  610  feet.  There  is  some  doubt  con- 
cerning the  accuracy  of  matching  the  top  of  the  part 
measured  south  of  Perdido  Canyon  with  the  bottom  of 
the  part  measured  south  of  Rest  Spring.  The  error,  if 
actual,  is  in  omitting  about  75  feet  of  siltstone  above  unit 
7.  Despite  uncertainties  caused  by  the  combination  of 
lithologic  changes  and  faults,  it  is  believed  that  from 
place  to  place  the  thickness  of  the  formation  varies  within 
a  wide  range,  and  that  the  greatest  thickness  in  a  large 
region  between  Death  Valley  and  the  Inyo  Range  occurs 
between  Perdido  Canyon  and  Rest  Spring.  In  the  canyon 
below  Ubehebe  mine,  west  of  the  Quartz  Spring  area,  the 
Perdido  formation  is  only  220  feet  thick.  The  somewhat 
abrupt  variation  in  thickness  suggests  a  disconformity, 
and  the  intraformational  conglomerate  within  the  Perdido 
formation  suggests  that  the  disconformity  is  within  the 
formation. 

Age  and  Correlation.  The  fauna  in  the  uppermost  5 
feet  of  the  Perdido  formation  has  a  close  affinity  to  the 
White  Pine  shale  fauna  of  eastern  Nevada  (Miller  and 
Furnish,  1940;  Youngquist,  1949)  and  of  the  Invo  Range 
(Kirk,  1918,  pp.  38-39)  and  is  similar  to  the  Caney  fauna 
in  Oklahoma  as  described  by  Girty  (1909).  Some  of  the 
best-preserved  fossils  of  the  Quartz  Spring  area  were  col- 
lected from  this  zone,  and  in  1939  they  were  deposited  in 
the  paleontological  collection  of  Stanford  University. 
The  fauna's  most  noteworthy  form,  which  is  unusually 
well  preserved  in  a  thin  limestone  and  is  abundant 
throughout  the  area,  is  a  diagnostic  goniatite,  which  in 
1937  compared  well  with  Gastrioceras  richardsonianum 
Girty  (1909,  pp.  54-57,  pi.  XI)  of  the  Caney  and  White 
Pine  assemblages  (Kirk,  1918,  p.  39).  The  form  has  since 
undergone  reclassifying  (Plummer  and  Scott,  1937; 
Youngquist,  1949,  etc.).  It  is  closely  related  to  the  Crav- 
enocems  in  the  lower  part  of  the  Upper  Carboniferous  in 
England  (Bisat,  1924),  which  corresponds  to  the  top  of 
the  Mississippian  in  the  United  States  (Weller  et  al., 
1948,  chart  no.  5,  pp.  107-1-9).  Thus  the  top  beds  of  the 
Perdido  formation  are  of  Chester  age,  that  is,  of  late 


Mississippian.  In  1950  J.  II.  Peck,  Jr.,  from  the  University 
of  California,  collected  fossils  from  this  zone  in  the  Quartz 
Spring  area  (oral  communication,  1950)  and  on  reporting 
the  occurrence  of  Rayonnoceras  in  the  zone,  states  that 
the  fauna  appears  to  be  a  correlative  of  the  White  Pine 
shale  of  Nevada  and  the  Canev  shale  of  Oklahoma  (Peck, 
1951). 

Meager  collections  of  poorly  preserved  fossils  from 
lower  zones  in  the  Perdido  formation  were  collected  in 
1948  during  work  on  the  stratigraphy  of  the  Ubehebe 
Peak  quadrangle.  The  only  collection  (U-438)  within  the 
Quartz  Spring  area  is  from  a  locality  1  mile  S.  15°  W. 
of  Rest  Spring  (see  pi.  1).  The  exact  stratigraphic  posi- 
tion is  not  known,  but  it  is  below  the  calcareous  siltstone 
of  unit  8  at  the  type  locality,  and  probably  in  unit  7. 
Excerpts  from  the  report  by  James  Steele  Williams 
(written  communication,  1949)  are  quoted: 

"U-438  is  the  lowest  of  the  Perdido  collections  [at  that  time]. 
It  is  also  the  most  varied,  but  unfortunately  none  of  the  forms 
can  be  definitely  identified.  The  corals  and  the  bryozoans,  as  re- 
ported by  Miss  Duncan,  consist  of  'small  zaphrentoid  (  ? )  corals, 
fragmentary  and  silicified  so  as  to  prevent  identification,  a  very 
large  horn  coral  that  is  unidentifiable  because  the  axial  part 
of  the  apical  and  ephebic  regions  is  missing,  and  a  few  fragments 
of  silicified  bryozoans,  probably  stenoporoids  and  rhomboporoids.' 
In  addition  to  the  corals  and  bryozoans,  there  are  crinoid  col- 
umnals,  several  fragmentary  or  incomplete  brachiopods,  identified 
as  Dictyoclostus'!,  possibly  2  sp.  indet.,  Rhynchopora'l  sp.  indet., 
Composita'!  sp.  indet.;  several  gastropods  preserved  as  internal 
molds  that  are  indeterminable  ;  and  several  coiled  cephalopods.  The 
gastropods  include  a  high-spired  form,  several  bellerophontid  types, 
and  a  euomphalid  type.  It  is  impossible  to  identify  gastropods 
such  as  these  without  the  ornamentation  being  preserved,  as  the 
genera  and  species  are  based  in  part  on  features  of  the  orna- 
mentation. The  nautiloids  are  also  not  determinable.  .  .  .  One 
of  the  brachiopods  identified  as  Dictyoclostusl  sp.  indet.  resembles 
in  some  ways  D.  in  flatus  (  McChesney ) ,  a  common  late  Mississip- 
pian and  early  Pennsylvanian  species,  but  no  definite  identification 
can  be  made. 

"Collection  U-438  is  definitely  post-Devonian  and,  of  course, 
pre-Mesozoic.  Though  a  definite  reference  closer  than  that  cannot 
be  made,  the  faunal  aspect  suggests  a  late  Mississippian  fauna 

All  but  one  of  the  other  Perdido  collections  submitted 
from  the  Ubehebe  Peak  quadrangle  contained  even  poorer 
specimens  and  were  less  diagnostic  of  age.  The  exceptiou 
(U-541),  although  it  is  from  a  locality  22  miles  southwest 
of  Quartz  Spring,  deserves  attention  because  it  marks 
the  lower  limit  of  the  Perdido  formation.  The  fossils  were 
collected  from  the  basal  bed  of  the  Perdido  formation 
lying  on  Tin  Mountain  limestone  2\  miles  N.  62°  E.  of 
Cerro  Gordo  bench  mark.  The  report  by  James  Steele 
Williams  follows : 

"U-541  is  from  the  Perdido  formation.  It  consists  of  horn 
corals  and  a  few  crinoid  columnals.  The  crinoid  columnals  are 
of  no  age  significance.   Miss  Duncan   lists  the  corals  as  follows: 

Hapsiphyllum?  sp.  indet. 

Homalophyllites?  sp.  indet. 

Cyathaxonia?  sp.  indet. 

Caninia   cf.   C.   cornicula    (Miller) 

Other  small   zaphrentoid  corals 

"Her  remarks  concerning  the  collection  are  as  follows :  'This 
collection  is  somewhat  more  adequate  than  several  of  the  others 
so  far  as  the  number  of  specimens  is  concerned  ;  however,  some 
of  the  specimens  are  fragmentary  and  all  are  somewhat  silicified 
Identification  is  therefore  doubtful.  The  assemblage  looks  veryj 
much  like  what  might  be  expected  in  the  Kinderhook  (Chouteau) 
or  Osage  faunas  of  the  Mississippi  Valley  region.'  " 

Iii  summary,  the  age  of  the  Perdido  formation  is 
Mississippian,  which  is  shown  by  its  stratigraphic  posi 
tion  above  the  Tin  Mountain  formation  and  below  the 
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White  Pine  fauna.  Based  on  doubtful  identifications  of 
inadequate  collections  of  fossils,  the  formation  includes 
rocks  ranging  in  ape  possibly  from  Osage  or  late  Kinder- 
hook  into  Chester.  The  completeness  of  the  local  sedi- 
mentary record  during  that  long  interval  will  not  be 
known  until  better  fossils  are  collected,  and  the  best 
answer  lies  in  the  Quartz  Spring  area  rather  than  in  the 
region  for  many  miles  around. 

The  difficulty  of  correlating  the  Perdido  formation,  as 
a  cartographic  unit,  with  other  Mississippian  formations 
is  understandable  on  considering  the  diversity  displayed 
by  the  formation  in  a  small  area.  The  White  Pine  shale  of 
the  Inyo  Range,  as  described  by  Kirk  (1918,  p.  38)  and 
as  observed  by  the  writer,  is  in  part  lithologically  equiva- 
lent to  the  Perdido  formation,  but  the  White  Pine  includes 
also  equivalents  of  the  Rest  Spring  shale.  The  Mississip- 
pian rocks  in  the  Argus  Range  have  not  been  named  as 
formal  ions  and  have  been  insufficiently  described  for  an 
adequate  comparison.  The  Monte  Cristo  limestone  in  the 
(ioodsprings  district  and  in  the  Xopah  Range,  although 
in  an  equivalent  stratigraphic  position,  does  not  closely 
correspond  in  lithology  to  the  Perdido  formation.  In 
central  and  eastern  Nevada,  the  stratigraphic  columns 
of  the  Roberts  Mountains  region  and  of  the  Ely  district 
have  no  described  lithologic  equivalents  of  it.  In  the 
Pioche  district,  however,  the  Peers  Spring  formation  and 
at  least  part  of  the  Seotty  Wash  quartzite,  as  described 
by  Westgate  (1932,  pp.  20-22),  are  convincingly  similar 
to  the  Perdido  formation. 

Rest  Spring  Shale  (Pennsylvanian(  ?)) 

Name  and  Occurrence.  The  Rest  Spring  shale  is  here 
named  from  the  extensive  exposure  around  Rest  Spring. 
The  type  locality  extends  from  the  bead  of  the  gulch  2,000 
feet  south  of  Rest  Spring  (see  fig.  11  i  northward  to 
within  200  feet  of  the  top  of  the  hill  that  is  2.000  feet 
northwest  of  Burro  Spring.  The  Perdido  formation  lies 
conformably  below  and  the  Tihvipah  limestone  above  the 
Ri  si  Spring  shale. 

The  Rest  Spring  shale  covers  a  large  proportion  of  the 
Quartz  Spring  area,  especially  in  the  northeastern  quad- 
rant where  it  makes  a  continuous  belt  4  miles  Long  and 
1  mile  wide  (see  pi.  1  ).  Isolated  patches  are  exposed  along 
the  major  fault  zone  from  Hidden  Valley  to  the  (Jap  Hills 
on  the  northern  boundary.  This  widespread  occurrence. 
fortuitous  in  the  small  area  thai  was  mapped,  is  far  from 
representative  of  the  whole  region  in  which  the  formation 
is  round. 

It  is  by  far  the  most  easily  eroded  formation  in  the 
Paleozoic  sequence  of  the  region  ;  hence  in  places  of  active 
erosion  it  normally  controls  drainage  lines.  The  seemingly 
anomalous  occurrence  of  the  Rest  Spring  shale  in  the 
highest  part  of  the  Quartz  Spring  area  is  explained  by 
tlie  protecting  margin  of  resistant  intrusive  rock  and  of 
cherty  limestone  in  the  Perdido  and  Tin  Mountain  forma- 
tions at  a  place  recently  exposed.  The  slopes  that  develop 
on  the  formation  are  smooth  and  rolling  (fig.  11  i. 

Lithology.  The  characteristic  rock  of  the  Rest  Spring 
shale  is  argillaceous  shale  grading  into  siltstone.  It  is  olive 

gray  on  the  surface,  but  some  of  the  fresh  shale,  as  exposed 
in  the  excavation  to  develop  Rest  Spring,  is  dark  gray, 
'fhe  basal  shale  contains  discoidal  concretions  2  to  fi  inches 
in  diameter,  which  are  sufficiently  persistent  to  be  excel- 
lent markers  of  the  lowest  part' of  the  formation.  The 
nuclei  of  the  concretions  consist  of  calcite  and  pyrite  or 


limonite ;  some  are  septaria.  The  shale  grades  upward 
into  siltstone,  fine-grained  sandstone,  and  in  some  places 
thin  isolated  beds  of  light-gray  quartzite.  Some  of  the 
standstone  is  conglomeratic,  in  thin,  very  inconspicuous 
beds.  The  conglomerate  is  further  described  below  in  the 
generalized  stratigraphic  section  of  the  formation.  The 
sandy  and  conglomeratic  layers  show  the  effects  of  chan- 
neling and  cross-bedding,  and  in  some  exposures  the  silt- 
stone displays  ripple  marks. 

A  thin  section  of  silty  and  sandy  shale  contains  in  a 
matrix  of  very  fine-grained  material  many  angular  frag- 
ments of  quartz,  commonly  0.08  millimeter  in  diameter, 
and  fragments  of  fossils,  which  mostly  are  of  calcite  but 
a  few  were  replaced  by  fine-grained  quartz.  The  specimen 
is  somewhat  phosphatic 

The  incompetence  of  the  Rest  Spring  shale  has  favored 
igneous  intrusions  and  thrust  faults.  Thin  sills  of  highly 
sericitized  feldspathic  rock,  which  at  first  glance  may  be 
taken  for  sedimentary  layers,  are  locally  common  in  the 
formation.  Within  the  aureoles  of  larger  intrusions  the 
Rest  Spring  shale  has  been  metamorphosed  to  chiastolite- 
bearing  hornfels  and,  nearest  the  igneous  contacts,  to 
biotitic  hornfels  and  schist.  In  thrust  zones  much  of  the 
shale  is  moderate  red  or  reddish  brown,  a  sharp  contrast 
to  the  normal  olive  pray. 

No  complete  stratigraphic  section  of  the  Rest  Spring 
shale  has  been  measured  in  the  Quartz  Spring  area.  Com- 
plex structures,  generally  covered  by  finely  broken  shale 
in  slope  rubble,  could  not  be  mapped  and  precluded  meas- 
urement of  the  true  stratigraphic  sequence.  A  composite 
description  of  the  two  traditional  units,  largely  without 
data  on  thickness,  follows  : 
Tihvipah  limestone. 
i  Conformable  contact,  i 
Rest  Spring  shale : 
2.  Olive-graj  siltstone  and  Bhale,  sparsely  fossiliferous ;  locally 
thin  l>e<ls  of  light-gray  or  olive-gray  quartzite,  in  places  meta- 
morphosed by  sills  to  vitreous  quartzite;   thin  local  intra- 
formational  conglomerate  of  poorly  sorted  fragments  rarely 
as  much  as  1   inch  or  2  inches  in  diameter,  mostly  SUbangular, 
some  fairly  well  rounded  hut   others  angular,  composed  of 
olive-gray  siltstone  or  shale,  white  or  gray  quartzite,  and  gray 
dolomite,  in  a  matrix  of  coarse  sand  or  rarely  in  a  matrix  of 

fragmented    shells.    Some    measured    details    at     one    locality 
follow  : 

Feet 
Light    olive   gray    quartzite,   grading    into   siltstone    in 

upper   HI  feet 15 

Porphyry    sill    20 

Light-gray  quartzite,   weathering  reddish  or  yellowish 

In-own  ;  thin-bedded  hut  breaking  into  Mocks 4 

Olive-brown    siltstone,    breaking    into    angular    frag- 
ments 1   inch  or  less  in  diameter 20 

Quartzite  similar  to  the  stratigraphically  higher  light- 
gray  quartzite     6 

Olive-gray  siltstone 63 

Sill   5 

Olive-gray  shale  of  underlying  unit,  not  measured. 
1.    Olive-gray     argillaceous     shale,    grayish     black     where     com- 
pletely fresh  ;  very  readily  disintegrates  into  small  incipiently 
lustrous  chips;  near  base  typically  contains  discoidal  concre- 
tions around  mineral   nuclei   including  septaria  ;   concretions 
commonly  between  2  and  (>  inches  in  diameter  and  as  much 
as  2  inches  thick. 
( ( 'onformalile  contact.) 
Perdido  formation. 

Thickness.  In  the  Quartz  Spring  area  the  stratigraphic 
thickness  of  the  Rest  Spring  shale  could  not  be  measured 
because  of  the  complex  structure  and  poor  exposures. 
West  of  the  area,  1.1  miles  N.  75°  W.  of  Ubehebe  mine 
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(fig.  1),  the  formation  is  somewhat  more  than  400  feet 
thick.  At  a  better  exposure  3  miles  N.  70°  E.  of  the  south- 
western corner  of  the  Ubehebe  Peak  quadrangle  (fig.  1) 
the  Rest  Spring  shale  is  310  feet  thick.  The  extreme  incom- 
petence of  the  Rest  Spring  shale  relative  to  the  adjacent 
rock  units  permits  the  formation  to  pinch  and  swell  in 
zones  of  folds  and  faults,  so  that  little  confidence  can  be 
placed  in  these  measurements  of  thickness. 

Age  and  correlation.  Fossils  are  very  scarce  in  the  Rest 
Spring  shale.  The  few  that  were  collected  early  in  the  field 
work  and  were  deposited  at  Stanford  University  have 
not  been  identified.  They  include  impressions  of  elongate 
reedlike  leaves,  which  are  the  only  fossil  plants  from  the 
area.  Along  with  bryozoan  fragments  in  a  thin  section 
(collection  of  S.  W.  Muller,  Stanford  University)  there 
are  some  poorly  preserved  microfossils,  some  of  which  are 
eccentric  coils  and  others  are  spindle-shaped  coils  about 
1  millimeter  long,  suggesting  minute  Foraminifera.  In 
the  Ubehebe  Peak  quadrangle,  fossils  have  been  found 
in  the  formation  at  only  one  locality,  at  the  southwestern 
margin  of  the  quadrangle.  These  fossils  (U-324)  were 
collected  for  the  U.  S.  Geological  Survey  by  Raymond 
Douglass,  from  somewhat  metamorphosed  shale.  Com- 
ments by  James  Steele  Williams  (written  communication, 
1949)  about  this  collection,  from  a  locality  about  2.8 
miles  N.  60°  E.  of  the  southwestern  corner  of  the  Ubehebe 
Peak  quadrangle  follow : 

"Only  one  collection,  U-324,  has  come  from  this  formation. 
It  is  shown  as  obtained  from  near  hut  not  at  the  base  of  the 
formation.  The  matrix  is  a  hard,  compact  black  shale  or  argillite 
and  is  so  baked  that  none  of  the  fossils  is  definitely  determinable. 
Impressions  or  fragmentary  remains  suggest  brachiopods  belonging 
possibly  to  the  genera  Chonetes,  Marginifera,  and  Composita,  but 
even  the  generic  identifications  are  uncertain.  The  fragmentary 
remains  have  slightly,  but  very  slightly,  more  resemblance  to 
Pennsylvanian  species  of  these  genera  than  to  Mississippian 
species,  but  the  age  might  as  well  he  Mississippian  as  Pennsyl- 
vanian." 

The  uncertain  identification  of  these  poorly  preserved 
fossils  cannot  be  used  to  determine  the  age  of  the  Rest 
Spring  shale.  The  stratigraphic  relationships  are  un- 
equivocal :  the  formation  lies  above  the  late  Mississippian 
fauna  in  the  uppermost  part  of  the  Perdido  formation  and 
below  the  moderately  early  Pennsylvanian  fauna  in  the 
lowest  part  of  the  Tihvipah  limestone.  Provisionally,  the 
Mississippian-Pennsylvanian  boundary  is  drawn  arbitrar- 
ily at  the  base  of  the  Rest  Spring  shale. 

The  Rest  Spring  shale  lithologically  corresponds  to  the 
black,  fissile,  noncalcareous,  shaly  part  of  the  White  Pine 
shale  in  the  Inyo  Range  (Kirk,  1918,  p.  38).  There  the 
White  Pine  shale  includes,  however,  equivalents  of  the 
Perdido  formation.  The  daney- White  Pine  fauna  was  re- 
ported to  occur  in  black  shale  north  of  the  Cerro  Gordo 
mine  in  the  Inyo  Range,  but  it  is  hot  known  if  this  fauna 
is  at  the  base  of  the  black  shale,  as  it  is  in  the  Quartz 
Spring  area,  or  well  within  the  black  unit.  This  fauna 
in  the  Quartz  Spring  area,  containing  Cravenoceras,  was 
included  in  the  Perdido  formation  because  the  thin  lime- 
stone and  reddish  shale  that  have  the  fossils  are  lithologic- 
ally consistent  with  the  rocks  in  the  Perdido  formation 
and  not  with  the  dark  shale  and  siltstone  of  the  Rest 
Spring. 

The  description  of  the  Chainman  shale  at  Ely  (Spencer, 
1917,  p.  27)  fits  the  Rest  Spring  shale.  There  may  be  some 
difference  in  age  of  the  two  units,  as  fossils  from  the  upper 
third  of  the  Chainman  shale,  though  containing  a  sugges- 


tion of  Pennsylvanian  affinity,  were  assigned  tentatively 
to  the  upper  Mississippian.  At  Devils  Gate,  south  of 
Roberts  Mountains  in  east-central  Nevada,  the  dark  shales 
and  sandy  interbeds  that  Merriam  (Merriam  and  Ander- 
son, 1942,  pp.  1690-1691)  describes  in  the  Diamond  Peak 
beds  resemble  the  Rest  Spring  shale.  Merriam  includes 
these  black  shales  in  the  Diamond  Peak,  although  in  the 
Eureka  district  they  had  been  referred  by  Hague  to  the 
White  Pine  shale.  The  black  fissile  part  of  the  White  Pine 
shale  of  Nevada,  as  described  by  Youngquist  (1949,  pp. 
276-2831  in  connection  with  his  detailed  description  of 
the  cephalopod  fauna,  appears  to  be  lithologically  equiv- 
alent to  the  Rest  Spring  shale.  But  if  in  Nevada  the 
Cravenoccras-hearmg  limestone  is  confined  to  the  top  of 
the  shale,  the  lithologies  and  ages  of  the  two  units  are  not 
strictly  equivalent ;  there  is  no  question  about  the  position 
of  the  only  Cravcnoccras-benTing  limestone  being  contig- 
uously below  the  black  shale  in  the  Quartz  Spring  area. 

Tihvipah  Limestone  (Pennsylvanian) 

Name  and  Occurrence,  The  limestone  and  associated 
rocks  above  the  Rest  Spring  shale  are  here  named  the 
Tihvipah  limestone  from  the  exposure  northwest  of 
Tihvipah  Spring,  which  is  2  miles  N.  15°  E.  of  Burro 
Spring.  The  name  Tihvipah  Spring  does  not  appear  on 
any  previously  published  map,  but  in  1938  it  was  used 
by  the  rangers  of  the  National  Park  Service  in  Death 
Valley.  The  type  locality  of  the  Tihvipah  limestone  is  on 
the  hill  due  east  of  Rest  Spring,  which  is  far  more  acces- 
sible than  the  exposure  near  Tihvipah  Spring.  In  the 
Quartz  Spring  area  the  top  of  the  Tihvipah  limestone  is 
eroded  so  that  its  upper  limit  cannot  be  satisfactorily 
defined.  Between  Racetrack  Valley  and  Saline  Valley  it 
is  the  lowest  unit  of  a  thick  sequence  of  limestones  and 
shales  of  Pennsylvanian-Permian  age.  The  Tihvipah  lime- 
stone caps  hills  in  the  central  belt  of  Rest  Spring  outcrops 
and  in  the  Gap  Hills,  making  smooth  rounded  slopes  ex- 
cept where  moderately  ribbed  by  more  resistant  limestone 
beds. 

Lithology.  The  Tihvipah  limestone  consists  mostly  of 
platy  light-gray  limestone,  interbedded  with  shaly  lime- 
stone or  calcareous  shale  and  some  beds,  1  foot  to  3  feet 
thick,  of  fine-grained  medium-gray  limestone.  The  shaly 
rocks  range  in  color  from  very  light  gray  to  pale  red  or 
grayish  pink.  Dark  fusulinids  and  fragments  of  other  fos- 
sils in  a  light-gray  matrix  form  abrupt  lenses,  in  section, 
as  if  in  filled  channels.  The  most  diagnostic  widespread 
characteristic  is  spherically  concretionary  dark-gray  chert 
in  balls  ranging  from  about  tYj  inch  to  2  inches  in  diameter. 
Many  of  the  chert  spheroids  are  about  1^  inches  in  diame- 
ter. In  some  places  the  nodules  are  somewhat  flattened 
or  coalesce,  thus  becoming  less  diagnostic  of  the  formation. 
These  concretions  are  readily  distinguished  from  the 
rounded  chert  pebbles,  1  inch  or  less  in  diameter,  which 
compose  a  local,  inconspicuous,  thin  basal  conglomerate. 

Thickness.  No  section  of  the  Tihvipah  limestone  has 
been  measured  in  the  Quartz  Spring  area,  where  the  ex- 
posures are  incomplete  or  complicated  by  local  structures. 
West  of  the  area,  1.2  miles  N.  76°  W.  of  the  Ubehebe 
mine  (fig.  1),  the  Tihvipah  unit  of  the  still  unnamed 
Pennsylvanian  rocks  is  about  200  feet  thick. 

Age  and  correlation.  The  few  fossils  collected  early 
in  the  field  work,  and  now  in  the  collection  at  Stanford 
University,  have  not  been  identified.  Lloyd  G.  Henbest 
of  the  U.S.  Geological  Survey  contributed  the  following 
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information  about  his  collection  from  the  type  locality, 
approximately  1,000  feet  due  cast  of  Rest  Spring,  and 
from  within  100  feet  strati  graphically  above  the  base  of 
the  Tihvipah  limestone  I  tlenbest,  written  communica- 
tion, 1952). 

F-7078  Tertulariidae 
Rradyina  V  sp. 
VFusulinella,  2  sp. 

"The  generic  identity  of  the  one  and  probably  two  species  re- 
ferred to  Fuaulinellu  is  difficult  to  ascertain.  The  preservation  is 
not  good  and  the  question  might  lie  difficult  if  the  preservation 
were  good.  The  problem  here  reduces  to  a  question  whether  one 
of  the  species  belongs  to  Fusulinelln  and  the  other  to  Fusulinelln 
or  a  primitive  form  of  Fusulinti  or  whether  both  belong  to  very 
early  forms  of  Triticitea  such  as,  for  example.  Triticitea  pygmaeux 
Dunbar  and  Condra.  The  evidence  is  ambiguous,  but  it  seems  to 
favor  the  alternative  that  these  represent  lower-middle  1'ennsvl- 
vauian  forms  of  Fusulinelln  and  Fusulina?  I  can  not  demonstrate 
that  these  are  not  early  .M  issoiirian  forms  of  Triticitea.  In  fact 
some  specimens  appear  to  have  the  shell  structures  that  character- 
ize Triticitea. 

In  summary,  the  aire  rci'ins  definitely  to  he  I'ennsylv  anian  and 
to  favor  late  Atoka  or  early  I  >es  .Moines  age.  Earl)  Missouri  age 
must  he  regarded  as  a  possibility.  Permian  age  seems  to  he  defin- 
itely improbable. 

The  Tihvipah  limestone  retains  its  lithologic  identity 
in  the  southwestern  corner  of  the  Ubchebe  Peak  quad- 
rangle and  as  far  away  as  the  western  side  of  Mazourka 
Canyon  along:  the  foothills  of  the  Inyo  Range  near  Inde- 
pendence. The  Tihvipah  limestone  probably  is  equivalent 
to  a  small  part  of  the  Bird  Spring;  formation  of  Penn- 
sylvanian  age  in  the  Goodsprings  district,  Nev.  (Hewett, 
1931,  pp.  21-30)  and  to  the  basal  part  of  a  thick  sequence 
of  Pennsylvanian  and  Permian  rocks  in  the  Ubehebe  Peak 
quadrangle  and  adjacent   region. 

Older  Gravel    (Pleistocene(  ?) ) 

Remnants  of  continental  deposits  that  are  older  than 
the  Recent  alluvium  are  exposed  at  the  northern  end  of 
Hidden  Valley,  in  the  basin  draining  through  Leaning 
Rock  Canyon,  on  the  southeastern  flank  of  east  crest, 
and  along;  the  western  foot  of  the  Cap  Hills.  ( >n  the  geo- 
logic map  (pi.  1)  the  older  gravel  has  not  been  distin- 
guished from  Recent  deposits.  A  considerable  part  of  the 
older  gravel  consists  of  poorly  sorted  continental  sedi- 
ments similar  to  the  Recent  alluvium  but  it  is  somewhat 
more  consolidated  and  in  gjeneral  slightly  stained  with 
limonite.  In  many  places  the  dips  are  steeper  than  the 
greatest  initial  dips  in  the  present-day  alluvial  fans. 

The  most  distinctive  characteristic  (if  the  older  deposits 
is  the  volcanic  material.  White  beds  of  pumice,  commonly 
2  to  4  feet  thick,  consist  of  fragments  as  much  as  :{  inches 
in  diameter,  although  most  are  a  fraction  of  an  inch. 
Some  of  the  pumieeous  material  is  remarkably  free  of 
other  rock  constituents.  Other  beds  in  the  gravel  contain 
fragments  of  weathered  basaltic  material,  which  is  much 
less  conspicuous  than  the  pumieeous  material.  Within  the 
mapped  area  there  is  no  evidence  of  the  age  of  the  gravel 
other  than  that  it  isyoung:er  than  Pennsylvanian  and  older 
than  Recent.  The  amount  of  deformation  and  erosion  sug- 
gests that  the  age  is  Pleistocene.  Other  piiniiceous  gravels 
in  the  Death  Valley-Owens  Valley  region  have  been  called 
Pliocene  or  Pleistocene  (Kirk,  1918,  pp.  4H-.">7  ;  Hopper, 
1!'47,  pp.  415-416).  \'o  attempt,  however,  is  made  here  to 
correlate  any  of  these  older  gravels  with  the  older  gravel 
in  the  Quartz  Spring  area. 


STRUCTURE 

Structurally  the  Quartz  Spring  area  consists  of  a  west- 
ern block  thrust  over  the  margin  of  an  eastern  block  of 
undulating:  and  openly  folded  beds.  North-trending  nor- 
mal faults  cut  both  blocks,  and  small  masses  of  syenitic 
rock  intrude  part  of  the  eastern  block.  In  detail  the  struc- 
ture is  complex,  and  many  of  the  structural  elements  are 
relatively  short.  Some  of  the  details  are  not  shown  on 
the  geologic  sketch  map  (pi.  1)  nor  in  the  structure  sec- 
tions (pi.  3),  which  thus  acquire  a  somewhat  diagram- 
matic aspect,  particularly  where  Rest  Spring-  shale  covets 
the  surface. 

The  deformation  occurred  sometime  after  early  Penn- 
sylvanian time,  but  how  long-  after  is  not  shown  by  the 
sedimentary  record  in  the  area  as  there  is  a  largv  g:ap 
between  the  early  Pennsylvanian  Tihvipah  limestone. 
which  was  involved  in  the  deformation,  and  the  Pleisto- 
cene! i)  gravel,  which  was  merely  tilted  at  some  places. 
In  the  southern  Death  Valley  region  the  major  orogeny, 
including  low-angde  thrust  faulting-,  is  regarded  by  Xoble 
(1941,  p.  ?)•")!»  i  as  middle  or  late  Tertiary  in  age.  Twice 
as  far  to  the  southeast,  in  the  Muddy  Mountains  of  south- 
ern Nevada,  some  major  thrusting  according:  to  Long-well 
I  1949,  p.  965)  "may  represent  orogeny  either  late  in  the 
Jurassic  or  during  the  Cretaceous  before  Bear  River 
time"  and  other  thrusting:  "may  have  occurred  either  in 
the  late  Cretaceous  or  in  Tertiary  time."  Rather  than  sug-- 
crest  correlation  with  orogenies  in  southern  Death  Valley 
or  southern  Nevada,  it  seems  more  reasonable  to  correlate 
the  folding,  thrusting-,  and  igneous  intrusion  in  the  Quartz 
Spring-  area  with  similar  Nevadan  deformation  in  the 
nearby  Inyo  Range  and  Sierra  Nevada,  and  to  correlate 
the  normal  faulting:  with  the  Tertiary  and  later  normal 
faulting:  that  is  well  dated  in  other  parts  of  the  Great 
Basin.  The  geology  of  the  small  Quartz  Spring-  area  adds 
no  precision  to  the  timing-  of  deformation  in  the  Basin 
Ranges  (see  Long-well.  1950,  pp.  422-427). 

Thrust  Faults 

Thrusting:  of  the  western  block  toward  the  east  made 
an  exceedingly  complex  zone  1  mile  to  2  miles  wide,  which 
contains  several  thrust  faults,  imbricate  structure,  and 
some  intricately  deformed  rocks.  The  western  side  of  the 
thrust  zone  is  largely  covered  by  alluvium  in  Racetrack 
Valley,  except  near  Quartz  Spring;  the  eastern  margin 
extends  from  the  range  front  at  the  Cap  Hills,  through 
Bighorn  Gap  and  Perdido  Canyon  to  the  alluvium  in  Hid- 
den Valley  ( see  pi.  1 ). 

The  Racetrack  thrust  fault  (see  fig.  12),  at  the  western 
border  of  the  exposed  thrust  zone,  is  the  major  fault  in 
the  mapped  area,  as  it  has  the  greatest  stratigraphic 
throw  and  can  be  traced  the  greatest  distance  beyond  the 
area,  that  is,  about  10  miles  southward  along-  the  eastern 
side  of  Racetrack  Valley.  West  of  Quartz  Spring:  the 
maximum  stratigraphic  throw  is  about  5, 700  feet,  where 
Ordovician  Pogonip  limestone  lies  on  Carboniferous  Resl 
Spring-  shale  ;  and  8  miles  south,  in  a  low  saddle  southeast 
of  The  Racetrack  playa  in  the  Ubehebe  Peak  quadrangle, 
the  stratigraphic  throw  is  at  least  8,500  feet,  placing 
Cambrian  Racetrack  dolomite  over  Carboniferous  Perdido 
formation.  Rest  Spring  shale  outlines  much  of  the  Race- 
track thrust  near  Quartz  Spring:,  where  steeply  over- 
turned Pogonip  limestone,  along:  with  a  few  slivers  of 
Eureka  quartzite  and  Ely  Spring's  dolomite,  lies  on  a 
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Figure  12.     Outline   map  of  principal   thrust  faults   near   Quartz 

Spring.   T  marks  upper  plate.   The  Racetrack   thrust    is   projected 

under  alluvium. 

chaos  of  upper  Paleozoic  formations.  The  thrust  surface 
dips  about  25°  W.  The  more  even  part  of  the  range  front 
southwest  of  Quartz  Spring  also  slopes  about  25°  and  the 
beds  in  it  are  turned  up,  suggesting  that  it  is  substantially 
the  stripped  surface  of  the  Racetrack  thrust  fault  (see 
ng.  2). 

The  eastern  margin  of  the  complex  zone,  at  the  northern 
end,  is  outlined  by  the  lowest  exposed  thrust,  referred  to 
as  the  Gap  Hills  thrust  fault  (see  fig.  12  and  pi.  3,  sec. 
A-A').  The  remainder  of  the  eastern  margin  is  outlined 
by  normal  faults  that  dropped  the  thrust  complex  down 
on  the  west.  The  trace  of  the  Gap  Hills  thrust  fault  lies 
between  the  Gap  Hills  and  the  range  front  and  curves 
southeastward  into  Bighorn  Gap.  The  range  front  east 
of  the  hills  is  essentially  the  thrust  fault  stripped  by 
erosion.  The  greater  steepness  at  the  range  front,  al- 
though possibly  an  initial  curvature  in  the  fault  surface, 
probably  is  a  post-thrust  warp  that  broke  into  normal 
faults  through  Bighorn  Gap  and  Perdido  Canyon.  Be- 
neath the  Gap  Hills  thrust  southeast  of  the  hills  the  Lost 
Burro,  Tin  Mountain,  and  Perdido  formations  locally 
were  dragged  up  and  steeply  overturned.  The  Rest  Spring 
shale  and  Tihvipah  limestone  in  the  overriding  block  were 
greatly  crushed  and  faulted  but  left  upright.  The  maxi- 
mum stratigraphic  throw,  Rest  Spring  shale  on  Lost  Burro 
formation,  probably  amounts  to  somewhat  less  than  1,500 
feet, 

Within  the  zone  between  the  Gap  Hills  thrust  and  the 
Racetrack  thrust  the  most  conspicuous  fault  is  called  the 
Bighorn  Gap  thrust.  It  extends  from  where  it  joins  the 
Gap  Hills  thrust  on  the  northern  side  of  the  Gap  Hills, 
under  alluvium  south  of  the  hills,  then  eastward  through 
Bighorn  Gap,  and  southward  to  Perdido  Canyon,  where 
it  is  faulted  down  (see  pi.  1).  The  block  overlying 
fhe  Bighorn  Gap  thrust  is  steeply  overturned.  Reverse 
and  thrust  faults  east  of  Quartz  Spring  piled  up  segments 


of  the  block  (see  fig.  12,  sec.  B-B').  The  overturned 
sequence  extends  from  Pogonip  limestone  stratigraphi- 
cally  iipward  to  the  Perdido  formation.  Sufficient  litho- 
logic  characteristics  and  fossils  remain  to  distinguish  each 
formation  in  the  correct  order,  but  at  many  places  the 
characteristics  are  too  obscure  to  outline  the  boundaries 
of  the  formations  or  to  account  for  many  anomalies. 
Erosion  has  exposed  in  Bighorn  Gap  and  in  the  Gap  Hills 
parts  of  the  Bighorn  Gap  thrust  where  Lost  Burro  forma- 
tion, overturned  on  Tin  Mountain  limestone,  moved  or. 
Rest  Spring  shale.  Some  blocks  of  the  Perdido  formation 
south  of  the  (Jap  Hills,  where  all  are  not  distinguished 
from  Rest  Spring  shale  on  the  map  (pi.  1),  also  were 
overridden  by  the  Bighorn  Gap  thrust. 

Between  the  Bighorn  Gap  thrust  block  and  the  Race- 
track thrust  near  Quartz  Spring  there  is  still  greater 
structural  complexity,  details  of  which  are  not  shown  on 
the  map  (pi.  1  ).  Locally  in  this  zone  shattered  blocks  of 
the  sequence  from  the  Lost  Burro  formation  to  Rest 
Spring  shale  were  overturned  or  inverted  and  pushed 
along  the  Quartz  Spring  thrust  fault  (see  fig.  12)  over 
Pogonip  limestone.  Rest  Spring  shale  was  dragged  along 
some  of  the  faults. 

On  the  highland  east  of  the  complex  thrust  zone,  vari- 
ous blocks  of  Tihvipah  limestone  were  shoved  over  or  into 
the  Rest  Spring  shale.  This  is  clear  where  the  blocks  are 
on  brecciated  Tihvipah  formation,  as  exhibited  east  of 
Rest  Spring,  and  where  the  topographv  exposes  the  struc- 
tural breaks,  as  it  does  southeast  of  Burro  Spring.  The 
displacement  of  other  blocks  is  inferred  by  the  thinning 
or  absence  of  Rest  Spring  shale  between  them  and  the 
underlying  Perdido  formation.  No  attempt  has  been  made 
to  show  inferred  structures  through  the  incompetent  and 
rubble-covered  Rest  Spring  shale.  These  complexities  may 
indicate  that  an  overriding  mass  on  the  Gap  Hills  thrust 
fault  was  not  far  above  the  present  topography. 

Near  the  eastern  margin  of  the  mapped  area  (pi.  1)  a 
steep  fault  of  considerable  displacement  extends  from  a 
syenitic  stock  southward  along  the  western  base  of  White- 
top  Mountain  and  across  Leaning  Rock  Canyon  to  the 
eastern  flank  of  the  range.  The  fault  will  be  referred  to 
as  the  Leaning  Rock  fault,  Although  the  dip  of  the  fault 
has  not  been  determined,  the  curvature  of  the  adjacent 
rocks  suggests  it  is  a  reverse  fault  dipping  east,  which 
is  the  interpretation  followed  in  the  structure  sections 
(C-C,  F-P',  pi.  3).  Merely  on  the  basis  of  stratigraphic 
displacement,  however,  it  could  be  a  normal  fault  dipping 
west  or  a  nearly  vertical  strike-slip  fault  along  which  the 
eastern  block  moved  south.  Strata  on  Whitetop  Mountain 
curve  conspicuously  down  toward  the  upturned  ends  of 
the  strata  on  the  other  side  of  the  fault  (pi.  3,  sec.  F-P')- 
Ely  Springs  dolomite  was  placed  against  Perdido  forma- 
tion, making  the  stratigraphic  throw  as  much  as  4,000 
feet  where  well  exposed ;  but  under  the  alluvium  to  the 
south,  where  Pogonip  limestone  abuts  on  Rest  Spring 
shale,  the  stratigraphic  throw  is  probably  more  than  5,000 
feet.  On  the  eastern  flank  of  the  range,  in  the  southeastern 
corner  of  the  mapped  area,  the  Leaning  Rock  fault  was 
displaced  down  on  the  east  by  a  normal  fault  and  was 
covered  by  gravel,  a  remnant  of  which  still  conceals  it. 
The  concealed  part  of  the  Leaning  Rock  fault  accounts 
for  the  seeming  anomaly  of  Pogonip  limestone  dropped 
down  against  Lost  Burro  formation,  which  is  strati- 
graphically  higher.  (See  pi.  3,  sec.  C-C.) 
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Folds 

The  folds  are  mostly  drag  along  faults.  A  drag  upward 
under  the  (iap  Hills  thrust  fault,  well  exposed  between 
Bighorn  Gap  and  the  (iap  Hills,  involved  Lost  Burro, 
Tin  Mountain,  and  Perdido  formations  in  an  overturned 
syncline.  Similar  overturning  of  Perdido  formation,  ex- 
posed in  a  high  basin  between  Quartz  Spring  and  Lost 
Burro  (iap,  was  produced  by  the  drag  of  an  overriding 
block.  Southwest  of  Whitetop  Mountain  Eureka  quartzite 
and  Ely  Springs  dolomite  clearly  show  the  bending  down 
to  the  Leaning  Rock  fault,  and  on  the  other  side  of  the 
fault  Tin  Mountain  and  Perdido  formations  as  clearly 
show  the  upward  fold  (see  pi.  3,  sec.  F-P'). 

A  fold  not  made  along  a  fault  is  in  the  northeastern 
part  of  the  mapped  area,  \\  miles  northeast  of  Burro 
Spring.  It  is  a  short  anticline  or  dome  elongated  south- 
ward (see  pi.  3,  sees.  A-A',  B-B',  and  D-D').  A  syncline 
>n  the  eastern  flank  is  obscured  by  intrusive  masses  and 
\  thrust  fault. 

Normal  Faults 
The  normal  faults  of  the  Quartz  Spring  area  can  be 
grouped  into  three  north-trending  zones  located  as  fol- 
lows: in  the  Last  Chance  foothills,  in  the  central  part  of 
"he  area  from  Bighorn  <!ap  to  the  Andy  Hills,  and  along 
:he  eastern  crest  of  the  range.  The  only  discernible  effect 
m  the  existing  topography  has  been  to  influence  differen- 
ial  erosion. 

A  long  north-trending  normal  fault  in  the  Last  Chance 
?oothills  shows  the  greatest  displacement.  As  expressed 
>y  the  trace  on  eroded  topography,  the  fault  dips  about 
50°  E.  The  effect  on  the  Racetrack-Nopah  contact  was  to 
lisplace  it  3,000  feet  horizontally  and  to  produce  a  strati- 
rraphic  throw  on  the  order  of  1,000  feet.  Two  faults  of 
.mall  displacement  are  shown  (pi.  1)  branching  north- 
■astward,  making  a  wedge  in  the  downthrown  block  of 
he  main  fault.  Other  normal  faults  in  the  foothills  west 
if  the  mapped  area  also  trend  north. 

In  the  central   belt  of  normal   faults,   a   set   of   faults 

hrough  Bighorn  (iap  shifted  the  western  side  down.  The 

lisplacement  along  this  set  diminishes  northward  to  ex- 

inction  at  the  range  front,  and  southward  it  diminishes 

rreatly  to  where  it  is  lost  in  surface  rubble  of  the  Perdido 

ormation  and  beneath  the  alluvium  from  Rest  Spring 

rulch.  The  same  shift,  however,  is  taken  up  by  the  essen- 

ially  vertical  fault  through  Perdido  Canyon.  These  faults 

nay  be  a  subsidiary  expression  of  the  structural  down- 

?arp  along  the  western  front  of  the  range.  Thus  the  block 

hat  was  warped  down  northeast  of  (Jap  Hills  yielded  by 

reaking  around  the  re-entrant  outlined  by  .the  Bighorn 

iap  and  the  Perdido  Canyon  faults.  Other  normal  faults 

n  the  central  zone  are  downthrown  on  the  east  and  are 

f  minor  displacement. 

The  normal  fault  east  of  Whitetop  Mountain  and  Lean- 

i<r  Rock  Canyon,  though  poorly  shown  at  the  margin  of 

tie  map  (pi.  1),  exhibits  conspicuous  downthrow  to  the 

ast.  The  dip  slip  is  possibly  1.000  feet,  leaving  uppermost 

Ily  Springs  dolomite  opposite  the  base  of  the  Eureka 

uartzite.   The  normal   displacement   is  obscured   in  the 

mthern  part,  where  the  old  gravel  that  covers  the  Lean- 

lg  Rock  fault  is  faulted  down  against  the  Lost  Burro 

irination  (see  pis.  1  and  3,  sees.  C-("  and  F-F'). 

A  fault  along  the  western  side  of  the  same  crest  locally 

lakes  the  crest-block  a  horst.  Along  the  westward-dipping 

uilt  Tin  Mountain  limestone  was  dropped  against  Lost 


Burro  formation.  The  northern  end  of  the  fault  is  con- 
cealed by  an  old  gravel. 

IGNEOUS  ROCKS 
Intrusive  alkalic  rocks,  largely  leucosyenite,  occur  in 
the  northeastern  quadrant  of  the  Quartz  Spring  area 
(pi.  1)  and  also  crop  out  sporadically  down  the  eastern 
slope  of  the  Panamint  Range  to  the  foothills  in  Death 
Valley  (McAllister,  1940).  They  form  dikes,  sills,  and 
chonoliths.  The  largest  masses  in  the  mapped  area  are 
between  2,000  and  3,000  feet  wide,  and  the  longest  is 
about  2  miles.  The  contacts  are  generally  concordant  with 
the  Rest  Spring  shale  and  Perdido  formation,  but  are 
intricately  discordant  across  the  Tin  Mountain  limestone, 
Lost  Burro  formation  and  the  undifferentiated  metamor- 
phosed lower  Paleozoic  limestone  and  dolomite.  In  other 
parts  of  the  area,  well-sericitized  sills  and  dikes  occur  in 
the  Rest  Spring  shale.  Soda  syenite  about  11£  miles  south- 
east of  Tin  Mountain,  as  described  concisely  by  Ball  (1907, 
pp.  207-208),  appears  to  be  the  same  kind  as  much  of  the 
syenitic  rock  in  the  Quartz  Spring  area.  At  both  places 
the  rocks  are  "characterized  by  abrupt  and  great  changes 
in  granularity  and  in  the  relative  abundance  of  the  con- 
stituent minerals"   (Ball,  1907.  p.  208). 

Age  and  Correlation 

The  igneous  rocks,  considered  as  diaschistic  offshoots 
from  quartz-monzonite,  arc  correlated  with  the  quartz- 
nionzonite  of  the  Inyo  Flange  and  are  regarded  as  Cre- 
taceous! .'i  in  age.  In  the  Quartz  Spring  area,  however, 
the  stratigraphy  dates  the  emplacement  no  more  closely 
than  post-Carboniferous.  Southwest  of  the  area  exposures 
clearly  show  that  small  masses  of  leucosyenite  occur  as 
border  facies  and  offshoots  of  quartz-monzonite  (Ball, 
1907,  pp.  206,  208;  McAllister,  Geology  of  the  Lbehebe 
Peak  quadrangle,  in  preparation).  Quartz-monzonite  5  is 
widely  exposed  in  the  northern  part  of  the  Panamint 
Range  south  of  the  area  and  almost  continuously  to  the 
Inyo  Range,  where  according  to  Knopf's  reconnaissance 
map  (  lf»lS,  pi.  2)  it  is  Early  Cretaceous. 

There  is  some  difference  of  opinion  about  the  age  of  the 
plutonic  rocks  in  the  Inyo  Range  and  surrounding  region. 
Ball  (  1907,  pp.  207-209,  pi.  1)  calls  those  in  the  northern 
Panamint  Range  post-Jurassic  and  pre-Tertiary.  Knopf 
mapped  those  in  the  Inyo  Range  as  Early  Cretaceous,  but 
makes  broad  reservations  in  the  text  (Knopf,  1918,  pp.  60, 
62,  pi.  2  ).  The  same  intrusive  complex  in  the  Coso  Range 
is  called  late  Jurassic  by  Hopper  (1947,  p.  412,  pi.  1) 
because  he  follows  the  widely  accepted  usage  of  referring 
the  Sierra  Nevada  granitic  rocks  to  the  Jurassic.  A  wider 
range  in  age  of  granitic  rocks  in  the  southern  Death  Valley 
region  is  advocated  by  L.  F.  Noble  (1941,  p.  954);  the 
rocks  probably  represent  two  or  more  widely  separated 
periods  of  intrusion,  as  some  granitic  rock  in  the  Virgin 
Spring  area  (about  65  miles  southeast  of  the  Quartz 
Spring  area)  may  be  Tertiary  (Noble,  1941.  p.  963).  In 
reviewing  the  age  of  plutonic  rocks  in  California,  Larsen 
( 1948,  p.  136  )  indicates  that  those  in  northern  California, 
southern  California,  and  Baja  California  are  related  to 
each  other;  and  for  the  age  of  the  batholith  in  southern 
California  Larsen  favors  Early  Cretaceous,  rather  than 

"Quartz-monzonite  in  this  report  means  a  granular  igneous  rock  in 
which  potash  feldspar  is  at  least  35  percent  but  not  more  than  65 
percent  nf  the  total  feldspar,  and  quartz  is  at  least  5  percent  of  the 
felsic  minerals.  Adamellite  as  defined  by  .lohannsen  (193Z,  pp. 
308-309)  is  synonymous  and  preferable  but  much  less  current  in 
mining  country. 
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the  very  late  Jurassic  age  assigned  to  the  northern  rocks, 
or  the  early  Late  Cretaceous  age  assigned  to  those  in  Baja 
California.  The  Early  Cretaceous  supports  Knopf's  usage 
for  the  Inyo  Range  and  consequently  the  preference  herein 
for  Cretaceous ( ?)  as  the  age  of  the  intrusive  rocks  in  the 
Quartz  Spring  area. 

Petrography 

The  texture  of  the  rocks  is  varied.  It  ranges  from  non- 
porphyritic  through  many  combinations  of  porphyritic, 
and  the  grain-size  ranges  from  90  millimeters  in  syenite- 
pegmatite  to  the  smallest  common  size  of  0.05  millimeter 
in  the  groundmass  of  monzonite-porphyry.  In  the  porphy- 
ritic rocks  the  volume  of  phenocrysts  ranges  from  20  to 
60  percent,  and  some  of  the  phenocrysts  are  as  much  as 
70  millimeters  long.  Most  of  these  textural  varieties  are 
also  trachytoid ;  that  is,  the  predominant  elongate  and 
tabular  feldspar  grains  have  a  parallel  or  subparallel 
arrangement. 

The  composition  also  varies  greatly,  ranging  in  propor- 
tion of  mafic  minerals  from  slightly  less  than  3  percent  in 
leucosyenite  to  42  percent  in  the  groundmass  of  porphy- 
ritic aegirine-augite  syenite;  and  ranging  in  silica  satura- 
tion from  undersaturated  nepheline-syenite,  through  sat- 
urated syenite,  to  oversaturated  aplite.  The  quantity  of 
quartz-bearing  rock  is  greatly  subordinate  to  that  of  satur- 
ated and  undersaturated  rocks.  Pegmatitic  diaschists 
contain  no  quartz.  A  characteristic  of  composition  that 
the  rocks  have  in  common  is  the  relative  abundance  of 
soda,  which  is  shown  by  the  large  proportion  of  albite  in 
the  ubiquitous  microperthite,  by  aegirine-augite,  and  in 
some  rocks,  by  nepheline. 

Trachytoid  Leucosyenite.     The  most  abundant  intru- 
sive rock  in  the  Quartz  Spring  area  is  trachytoid  leuco- 
syenite." It  occurs  in  sills  and  dikes  about  half  a  mile  or 
more  northeast  of  Burro  Spring.  Much  of  it  is  in  contact 
with  the  Rest  Spring  shale  or  the  silty  calcareous  Perdido 
formation.  The  typical  trachytoid  leucosyenite    (3010)7 
is  grayish  orange  (10  YR  7/4) s  and  only  slightly  grayer 
where  it   is  freshest.  Most  of  the  grains  are  subhedral 
microperthite  3  to  5  millimeters  long  and  1  millimeter  to 
2  millimeters  wide  in  a  subparallel  arrangement.  A  micro- 
metric  analysis  along  161  millimeters  shows  that  about 
45  percent  of  the  rock  is  orthoclase,  52  percent  is  albite, 
and  3  percent  is  accessory  and  secondary  minerals.  The 
albite  and  orthoclase  are  combined  in  microperthite,  which 
thus  constitutes  97  percent  of  the  leucosyenite.   Albite 
makes  up  a  large  part  of  sonic  microperthite  grains,  leav- 
ing ragged  islands  of  orthoclase.  Most  of  the  albite  appears 
to  be  a  replacement  of  orthoclase  rather  than  a  product 
of  exsolution.  The  accessory  and  secondary  minerals  are 
biotite,    aegirine-augite,    magnetite,     sphene,     melanite, 
chlorite,  muscovite,  and  calcite.  A  little  of  the  biotite  is 
a  deuteric  alteration  of  pyroxene,  and  some  is  in  clots  of 
melanite,  sphene,  aegirine-augite,  and  magnetite.  Chlorite 
altered  some  of  the  biotite,  and  muscovite  replaced  a  very 
little  of  the  microperthite. 

Muscovite  leucosyenite  (3011 )  is  one  of  the  variants  of 
the  trachytoid  leucosyenite.  Where  it  crops  out  about  1  \ 

"Syenite,  as  used  in  this  report,  is  a  granular  igneous  rock  in  which 
potash  feldspar  (including  intergrown  albite  or  microperthite)  is 
more  than  (>5  percent  of  the  total  feldspar,  and  quartz  is  less  than 
5  percent  of  the  felsic  minerals.  The  prefix  leuco-  is  used  tor  rocks 
that  contain  less  than  5  percent  dark  minerals. 

7  Numbers  refer  to  specimens  at  Stanford  University. 

8  Symbols   and    names    of   colors   are    according   to    the    "Rock-Color 

Chart,"  by  E.  X.  Goddard  and  others,  National  Research  Council, 
19  48. 


miles  east-northeast  of  Rurro  Spring,  it  is  a  grayish-yellow 
(5  Y  8/4)  coarse-grained  rock  of  conspicuously  trachytoid 
fabric.  It  consists  of  microperthite,  a  little  albite  not  inter- 
jrrown  with  orthoclase,  and  muscovite.  Most  of  the  rock 
is  made  up  of  highly  albitized  orthoclase  in  grains  10  to 
20  millimeters  long,  5  to  10  millimeters  wide,  and  1  milli- 
meter to  2  millimeters  thick.  Clusters  of  muscovite  fill 
interstices  among  the  closely  packed  feldspar  grains.  Only 
in  the  most  favorable  places  is  the  interstitial  muscovite 
in  pockets  as  much  as  3  millimeters  thick,  and  in  most 
places  it  is  less  than  1  millimeter  or  absent.  The  diameters 
of  the  pockets  in  the  plane  of  the  trachytoid  fabric  are  as 
much  as  5  millimeters  ;  the  pockets  are  connected,  however, 
in  an  irregular  network.  In  some  places  the  muscovite 
forms  clusters  having  a  subhexagonal  outline  within  the 
microperthite,  where  it  may  be  a  replacement  of  early 
euhedral  nepheline. 

Very    coarse-grained    leucosyenite    (3012)    is    a    non- 
traehytoid  variant  tliat  crops  out  on  the  ridge  2\  miles 
northeast  of  Rurro  Spring.   It  is  a  medium  light  gray 
(N  (i)  rock  of  microperthite,  some  of  which  has  a  bluish 
iridescence.  The  accessory  minerals  were  estimated  to  be 
less  than    1    percent   of  the   volume.   The  microperthite 
grains  are  on  the  order  of  20  millimeters  long  and  5  milli- 
meters wide,  whereas  the  mafic  grains  are  commonly  1 
millimeter  to  2  millimeters  in  diameter.  The  proportion 
and  coarseness  of  the  microperthitic  albite  varies  greatly 
from  grain  to  grain  of  orthoclase.  Some  of  the  intergrowth 
is  very  fine.  A  small  quantity  of  albite  forms  separate 
grains,  some  of  which  are  interstitial,  whereas  others  are 
randomly  oriented  inclusions  in  the  orthoclase,  distinct 
from  the  albite  of  the  microperthite.  The  accessory  min- 
erals  are    biotite,    partly    altered    to    chlorite,    aeginne- 
augite,  sphene  and  ilmenite,  apatite,  magnetite,  and  mus- 
covite. A  little  melanite  is  visible  in  the  hand  specimen. 
In  the  porphyritic  leucocratic  rocks  the  proportions  of 
phenocrysts  and  groundmass  are  widely  different.  The 
extreme  low  in  the  proportion  of  phenocrysts  is  a  trachy- 
toid porphyritic  svenite  (3021),  which  is  exposed  on  the 
southeastern  part  of  a  spur  nearly  3  miles  east-northeast 
of  Burro  Spring.  The  yellowish-gray  (5  Y  6/2)  ground- 
mass  constitutes  about  80  percent  of  the  volume.  Light 
bluish  gray  (5  B  6/1)  Carlsbad  twins  of  orthoclase  form 
well-alined  phenocrysts  about  70  millimeters  long  and  12 
millimeters  thick,  in   a  groundmass  of  feldspar  grains, 
manv  of  which  are  about  7  millimeters  long,  and  a  few 
mafic  grains  of  about  1  millimeter.  The  orthoclase  of  the 
phenocrvsts    is    incipiently    microperthitic,    but    in    the 
groundmass  it  has  a  high  percentage  of  intergrown  albite. 
Andesine,  which  is  abundant  in  the  groundmass,  is  rimmed 
with  albite.  Accessory  sphene,  apatite,  and  magnetite  are 
more  abundant  and  commonly  in  larger  grains  than  the 
biotite  and  amphibole. 

The  other  extreme  among  the  porphyritic  rocks  is  ; 
trachytoid  porphyry  of  altered  nepheline-syenite  ^(3022! 
(fig.  13),  which  crops  out  on  a  hill  2  miles  N.  80°  E.  o 
Burro  Spring.  The  groundmass  constitutes  as  little  as  4( 
percent  of  the  volume,  estimated  from  a  measurement  o 
428  millimeters  normal  to  the  trachytoid  fabric  in  ham 
specimens.  The  pale  grayish  orange  (10  YR  8/4)  rock  con 
sists  of  large  tabular  euhedral  microperthite  in  a  fine 
grained  groundmass.  The  tabular  phenocrysts,  which  li< 
roughly  parallel,  in  places  are  so  closely  packed  that  the; 
touch,  but  in  other  places  in  the  same  hand  specimen  the; 
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Klci'KK  1.'5.     Trachvtoi.l  porpliv  r.\    of  altered   nepheliiie-syenite.   An 

'.xtrenie  ill c   the    porphvritic    rucks,   showing   the   closest    packing 

if  large  mioroperthitic  orthoclase  phenoor.vsts.  The  variation  in  color 
uf  tin-  groundniass  is  from  weathering.  Approximate  scale. 

ire  well  isolated  in  the  groundniass.  The  largesl  pheno- 
•rysls  are  as  much  as  70  by  40  by  8  millimeters,  but  most 
ire  about  50  by  2.">  by  .">  millimeters;  average  grains  of 
he  groundniass  arc  less  than  1  millimeter.  The  direction 
»f  the  traehytoid  orientation  changes  within  short  dis- 
ances.  Some  of  the  microperthite  has  clear  cores  of  ortho- 
■lase.  The  groundniass  contains  microperthite,  and  clus- 
ers  of  muscovite  and  calcite.  Some  of  the  clusters  arc 
iubhexagonal  in  outline  and  arc  probably  altered  IVId- 
spathoid.  All  the  mafic  minerals,  in  accessory  amounts, 
dso  were  altered  to  finer-grained  aggregates  of  iron  oxides 
ind  calcite. 

Melanitc  nephclinc-sycnite.  Although  of  \i'vy  limited 
recurrence  in  a  spin-  2\  miles  N.  of  70  E.  of  Burro  Spring, 
nelanite  nepheline-syenite  (3013)  is  noteworthy  because 
t  contains  the  only  coarse-grained,  fresh  nepheline  that 
ias  been  seen  in  the  area.  When  found  in  1937,  nepheline 
lad  not  yet  been  reported  as  occurring  in  place  in  Cali- 
ornia  (Murdoch  and  Webb,  1948,  p.  22).  This  occurrence 
'f  nepheline  in  California  is  far  from  the  cordilleran  zone 
if  alkalic  rocks. 

The  nepheline-syenite  is  similar  to  the  preceding  leuco- 
yenite  (3012)  and  to  other  melanite-bearing  syenites  in 
he  rbehebe  I'eak  (piadrangle,  except  that  it  contains  a 
lightly  greater  quantity  of  dark  minerals  and  some  inter- 
titial  nepheline.  It  is  light  gray  (X  7)  or  medium  light 
ray  (N  6),  spotted  by  the  dark  garnet.  Some  of  the  feld- 
par  iridesces  very  pale  blue  (5  B  8/2).  Weathering  has 
ittle  effect  on  the  color  of  the  rock,  but  it  pits  the  surface 
,v  decomposing  the  interstitial  nepheline.  The  texture 
i  coarse-grained  hypidiomorphic,  varying  abruptly  in 
rain  size  Most  tabular  grains  of  microperthite  are  10 
-  20  millimeters  long  and  few  are  more  than  40  milli- 
leters  long.  Exceptionally  large  nepheline  grains  are  20 
rillimeters  long,  whereas  common  sizes  arc  2  to  .">  milli- 
leters.  Grains  of  melanitc  range  in  diameter  from  less 
lian  1  millimeter  to  about  10  millimeters  where  elongate 
r  possibly  in  aggregates;  most  are  about  3  millimeters. 

The  coarse  texture  forestalled  determining  adequately 
i  the  thin  sections  the  proportions  of  minerals.  A  mega- 
iopic  analysis  based  on  a  linear  measurement  of  24.") 
uitimeters  indicates  that  the  specimen  consists  of  81  per- 


cent alkalic  feldspar,  16  percent  nepheline  (including 
zeolitized  parts),  and  3  percent  melanite.  Accessory 
biotite.  augite,  and  magnetite,  as  seen  in  thin  section, 
constitute  a  small  fraction  of  1  percent  and  are  included 
with  melanite  in  the  mode. 

Most  of  the  feldspar  is  microperthite,  in  which  albite 
occurs  in  many  degrees  of  coarseness,  starting  exceed- 
ingly fine,  and  as  several  types  of  intergrowth,  depending 
on  size,  shape,  and  distribution.  The  proportion  of  albite 
is  notably  different  from  grain  to  grain,  as  it  has  replaced 
more  than  half  of  some  grains,  leaving  irregular  patches 
of  orthoclase,  and  in  other  grains  albite  is  scarcely 
present.  Some  albite  (about  Ab!IL.A!i„s),  not  intergrown 
with  orthoclase.  forms  large  separate  grains.  Clear  ortho- 
clase is  moderately  sodic,  roughly  Or7„Ab3n,  which  is 
shown  by  the  extinction  angle  of  9°  between  X  and  (001) 

in  cleavage  frag nt  (010)  normal  to  Z  (  Winchell,  1951. 

fig.  190). 

Fresh  nepheline  in  the  hand  specimen  is  pale  grayish 
orange  I  10  VK  7  2  I  and  has  a  greasy  luster.  The  powder 
gelatinizes  in  hydrochloric  acid.  It  is  negative  uniaxial, 
of  low  relief  in  balsam,  and  of  weak  birefringence.  Some 
of  the  nepheline  has  altered  to  zeolites.  In  thin  section  the 
zciite  aggregates  having  hexagonal  outline  within  micro- 
perthite may  be  altered  nepheline.  but  the  dodecahedral 
shape  of  pits  of  the  same  size  (about  0.5  millimeter)  on 
weathered  surfaces  suggests  that  the  altered  mineral  may 
have    been    sodalite. 

The  black  or  brownish  garnet  in  this  rock  is  called 
melanite  because  of  the  color  and  the  typical  occurrence 
in  nepheline-syenite  and  other  syenitic  rocks.  The  color 
in  thin  section  magnified  20  times  (a  daylight  microscope 
lamp  was  used  when  determining  colors  in  thin  sections) 
ranges  from  light  olive  gray  (5  Y  6/1)  to  dusky  yellow 
'•">  V  <i  4  i.  The  garnet  is  euhedral  or  subhedral.  isotropic, 
and  high  in  relief.  A  similar  dark  garnet  from  the  1'behebe 
Beak  quadrangle,  according  to  Jewell  J.  Glass  of  the  lT.  S. 
Geological  Survey  (written  communication,  November 
1950  I,  is  melanite:  it  has  an  index  of  refraction  of  1.86  and 
in  a  qualitative  test  showed  some  titanium.  In  some  syenite 
Of  the  Quartz  Spring  area  the  garnet  is  associated  with 
abundant  accessory  sphene  and  some  luecoxene-rimmed 
ilmenite,  a  titaniferous  environment. 

The  chemical  analysis  and  norm  of  a  specimen  of  this 
melanite    nepheline-syenite    (3013)    are    given    with    the 

Analytia,  norm,  and  mode  of  melanite  nepheline-svenite  (S013) 
from   the  Quartz  Sprint;  men. 


Analysis 
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mode  in  the  accompanying;  table.  The  norm  differs  from 
t lie  mode  in  the  percentage  of  nepheline  and  in  the  pro- 
portion of  anorthite  in  the  plagioclase.  Nepheline  is  only 
about  5  percent  (weight)  in  the  norm,  whereas  in  the 
mode  it  is  about  16  percent  (volume).  The  norm  makes 
no  provision  for  melanite,  which  may  account  for  the 
more  calcic  plagioclase  in  the  norm  (Abi^Aiio.,)  than  in 
the  mode  (Abno  Alios). 

A  melanite  syenite  (3014)  that  is  finer  grained  and 
somewhat  darker  contains  large  patches  of  natrolite, 
which  probably  is  zeolitized  nepheline.  The  mafic  minerals 
are  augite  and  green  biotite.  Sphene  and  magnetite  are 
accessory. 

Aegirine-augite  Monzonite  and  Monzonite-Porphyry. 
Aegirine-augite  monzonite  (3015),  which  crops  out  on  the 
hill  three-quarters  of  a  mile  north  of  Burro  Spring  and 
south  of  the  leucosyenite  (3010)  is  one  of  the  most  abun- 
dant of  the  less  leucocratic  rocks.  It  also  is  trachytoid,  but 
lacking  the  orange  tint  of  the  leucosyenite.  it  is  medium 
light  gray  (N  6).  Slender  feldspar  grains  are  commonly 
2  to  5  millimeters  long  and  many  of  the  aegirine-augite 
grains  in  the  hand  specimen  are  between  1  millimeter  and 
2  millimeters,  although  in  thin  section  a  more  usual  size  is 
about  0.5  millimeter.  Microperthite  and  plagioclase  (near 
the  division  between  oligoclase  and  andesine)  are  in 
nearly  equal  proportions.  Micromeasurements  along  107 
millimeters  gave  the  following  volume  percentages: 

Microperthite 48 

Plagioclase 44 

Aegirine-augite   (5 

Accessories '2 

The  accessory  minerals  are  sphene,  magnetite,  biotite,  and 
apatite.  Some  anhedral  magnetite  is  closely  associated 
with  the  aegirine-augite.  Near  aplitic  dikes  the  aegirine- 
augite  monzonite  is  somewhat  epidotized  and  sericitized. 

Aegirine-augite  monzonite-porphyry  (3017)  crops  out 
2|  miles  northeast  of  Burro  Spring.  The  rock  is  medium 
light  gray  (N  6)  and  weathers  light  or  pale  brown  (5  YR 
6/4  or  5  YR  5/2).  Phenocrysts  of  microperthite  are  20  to 
30  millimeters  long  and  10  to  15  millimeters  wide ;  another 
generation  of  microperthite  and  plagioclase  phenocrysts, 
as  measured  in  thin  section,  range  in  length  from  about 
0.5  millimeter  to  1.5  millimeters;  and  aegirine-augite 
crystals  are  seriate  up  to  1  millimeter  long.  The  ground- 
mass  of  roughly  equal  quantities  of  orthoclase  and  plagio- 
clase is  hypidiomorphic  in  grains  generally  about  0.05 
millimeter  long.  The  plagioclase  in  phenocrysts  is  andes- 
ine (Ab.-,sAn41>),  except  in  rims,  whereas  in  the  ground- 
mass  it  is  probably  oligoclase.  In  a  micromeasurement  of 
100  millimeters, 9  percent  of  the  volume  is  aegirine-augite. 
Euhedral  magnetite,  sphene,  and  apatite  together  form 
much  less  than  1  percent  of  the  rock. 

Aegirine-augite  Syenodiorite.  An  increase  in  the  pro- 
portion of  plagioclase  forms  aegirine-augite  syenodiorite 
(3018), :'  which  occurs  locally  near  the  melanite  nepheline- 
syenite  (3013),  close  to  marble.  The  texture  is  medium- 
or  fine-grained  granitic,  which  in  thin  sections  appears 
moderately  trachytoid.  In  hand  specimens  the  largest 
grains  of  feldspar  commonly  are  5  millimeters  long,  but 
in  the  thin  sections  few  grains  are  1.5  millimeters  and 
most  are  0.5  to  1.0  millimeter  long.  Many  of  the  mafic 

"  it  is  called  syenodiorite  because  it  is  a  quartz-free  granular  igneous 
rock  in  which  potash  feldspar  is  at  least  5  percent  hut  not  as  much 
as  :i.r]  percent  of  the  total  feldspar  and  the  plagioclase  is  more  sodic 
than  labradorite. 


grains  are  about  0.3  millimeter  in  diameter,  and  where 
elongate,. about  1.0  millimeter  in  length;  however,  sphene 
is  as  much  as  2.5  millimeters  long. 

The  mineral  composition  of  a  specimen  is  shown  ap- 
proximately by  the  following  micrometric  analysis  along 
lines  aggregating  86  millimeters: 

I'ercent  volume, 

Orthoclase  (variably  microperthitic)--    24 

Andesine '>'■'> 

Aegii  ine-augite    14 

Hastingsite 4 

Magnetite '■'< 

Sphene    1 

Melanite 1 

Some  of  the  orthoclase  is  nearly  free  of  albite  inter- 
growth  but  some  is  highly  perthitic.  The  andesine  (Abc,T 
Ansa)  tends  to  form  elongate  <j rains  approximately  the 
same  size  as  the  orthoclase  grains.  The  alkalic  feldspar  is 
31  percent  of  total  feldspar,  making  the  rock  syenodiorite. 
Pleochroic  green  aegirine-augite  is  rimmed  by  more 
strongly  pleochroic  darker  green  to  bluish  green  basting- 
site,  which  is  described  more  fully  under  the  altered 
nepheline  syenite  (3019)  that  follows.  Sphene  and  mela- 
nite, although  accessory,  are  conspicuous.  Biotite  and 
apatite  are  scarce. 

Hastingsite  Nepheline(?)-Syenitc.  Another  darker 
rock  is  hastingsite  nepheline(  ?)-syenite  (3019),  in  which 
the  probable  nepheline  has  been  altered  to  natrolite.  It 
occurs  locally,  near  the  contact  with  marble  at  the  head 
of  the  canyon  about  2|  miles  east-northeast  of  Burro 
Spring.  The  texture  is  hypidiomorphic  medium  grained. 
A  micrometric  analysis  based  on  a  traverse  118  milli- 
meters long  gave  the  following  mineral  composition  : 

I'ercent  volume 

Microperthite <;() 

Natrolite  after  nepheline(V) 1" 

Hastingsite H 

Augite s 

Biotite    (! 

Melanite 4 

Apatite 1 

There  are  also  a  few  crystals  of  sphene  and  fewer  of  zircon. 
Some  of  the  microperthite  contains  a  large  amount  of 
albite,  but  as  in  other  rocks  of  the  area,  the  proportions 
and  form  vary  from  grain  to  grain.  No  fresh  nepheline 
remains  in  the  thin  sections;  however,  natrolite  in  well- 
defined  masses  is  considered  to  be  an  alteration  of  nephe- 
line. The  hexagonal  outline  in  section  of  some  of  the 
masses  may  be  the  shape  of  original  euhedral  nepheline, 
or  possibly  of  socialite,  as  suggested  for  the  previously 
described  melanite  nepheline-syenite   (3013). 

The  hastingsite,  .Avhich  in  thin  section  shows  good 
amphibole  cleavage,  has  a  small  axial  angle,  large  max- 
imum extinction  angle  (c  A  Z  =  35°),  weak  birefringence, 
is  optically  negative  and  strongly  pleochroic  as  follows: 

X  =  dark  greenish  yellow   (10  Y  6/6) 
Y  =  dusky  yellowish  green   (1(1  CV  8/2) 
Z  =  grayish  green   (5  (J  5/2) 
Absorption  =  Y>Z>X 

The  characteristics  that  distinguish  this  hastingsite  from 
hornblende  are  the  distinctively  small  axial  angle,  lar«ie 
extinction  angle,  and  strong  pleochroism  that  includes 
grayish  ("bluish")  green.  The  same  optical  properties 
were  emphasized  in  the  first  descriptions  of  hastingsite 
from    the    type    locality    in    Hastings    County,    Ontario 
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(Adams,  1894,  ]).  13;  Adams  and  Harrington,  1896,  pp. 
210-211  ;  Graham,  1909,  pp.  540-543).  Later,  recognizing 

that  the  properties  of  hastingsite  vary  considerably, 
Quensel  (1941.  p.  152)  redefined  hastingsite  to  include 
".  .  .  hornblende  with  small  axial  angle,  with  a  probably 

indefinite  position  of  the  axial  plane  ....  low  birefrin- 
gence, .  .  .  with  Y  or  Z  lying  nearest  r,  forming  large 
extinction  angles,  and  with  strong  axial  dispersion." 
Chaves  '1942,  p.  477),  on  measuring  the  optical  proper- 
ties of  some  amphiboles  from  Hastings  County,  also  rec- 
ognizes variations  of  the  optical  properties  of  the  amphi- 
boles that  include  "hastingsite?"  but  concludes  ".  .  . 
Ihat  there  is  vevy  little  basis  for  a  sharp  distinction  be- 
tween the  common  deep  green  hornblende  of  the  area  and 
the  so-called  hastingsite. "  In  sonic  usage  of  the  term 
the  small  axial  angle  and  the  other  originally  distinctive 
optical  properties  have  been  lost  in  the  complexities  of 
systematizing  the  amphiboles;  other  usage  has  continued 
to  emphasize  the  original  distinctive  properties.  Hastings- 
ite, even  though  its  distinctive  optical  properties  may 
he  gradational  with  those  of  common  hornblende,  is  used 
in  this  report  because  it  is  descriptively  useful  for  amphi- 
bole  that  combines  these  more  extreme  properties  and 
occiii's  characteristically  in  alkalic  rocks.  The  hastingsite 
of  the  Kruger  alkaline  syenites  in  British  Colombia,  as 
described  by  Campbell  |  19:5!).  p.  532  I,  and  of  the  <  (roville 
malignite  in  Washington  (Krauskopf  1941,  pp.  25,  27), 
is  similar  to  the  hastingsite  of  the  Quartz  Spring  area. 
The  biotite  in  the  hastingsite  nephelinel  ?)-syenite  is 
bleochroic  in  similar  but  much  paler  colors  and  likewise 
has  small  axial  angle,  but  it  is  distinguished  by  the  cleav- 
age, birefringence,  and  (dearly  lower  relief.  It  is  the  third 
in  a  dent  eric  reaction  series  from  augite  through  hastings- 
ite to  biotite.  Nevertheless,  large  proportions  of  the  three 
minerals  form  grains  that  are  free  of  the  others. 

The  darkest  rock  is  a  mesotype  porphyritic  altered 
nepheline-sycnite  (3020),  which  is  nearly  .'{.">  percent 
mafic  and  conspicuously  t rachytoid.  Only  a  small  quail 
tity  occurs  near  the  last  rock  described  (.'5019).  Pheno- 
crysts  of  orthoclase  commonly  are  about  If)  millimeters 
lonu  and  .">  millimeters  wide.  They  enclose  small  grains  of 
mafic  and  accessory  minerals.  The  dark  gray  (X  :{ ) 
groundmass,  according  to  a  megascopic  measurement  650 
millimeters  long,  constitutes  Si!  percent  of  the  rock's 
volume,  drains  in  the  groundmass  commonly  range  from 
0.2  to  1.0  millimeter,  except  orthoclase  grains,  which  com- 
monly are  about  0.5  by  2..")  millimeters.  Phenocrysts  and 
grains  of  the  groundmass  are  well  alined. 

The  approximate  mineral  composition  of  the  groillld- 
mass,  calculated  from  a  microscope  traverse  90  millimeters 
long,  follows  : 

Percent  \  nlume 
Orthoclase  50 

Altered  uepheline  ~( 

Hastingsite  and  aegirine-augite   ;?.'{ 

Melanite s 

Biotite,  apatite,  sphene,  magnetite  2 

The  orthoclase  is  slightly  microperthitic.  Pine-grained 

masses  of  zeolites  and  muscovite  are  considered  to  be 
altered  nepheline.  There  is  somewhat  more  hastingsite 
than  aegirine-augite,  and  some  of  it  poikilitically  en- 
closes euhedral  aegirine-augite.  The  hastingsite  is  an 
amphibole  similar  to  that  of  the  hastingsite  uepheline- 
Ivenite  (3019)   in  that  the  axial  angle  is  small,  the  bire- 


fringence weak,  and  the  extinction  angle  (e  A  Z  =  30°) 
is  large  for  an  amphibole,  but  the  similar  pleochroism  is 
slightly  more  olive,  as  follows: 

X  =  light  olive  do  Y  ii/4) 
Y  =  grayish    olive   green    (•">    <!Y    3/2) 
Z  =  grayish  green   1  ~>  (1  .">  -  1 
Absorption  =  Y>Z>X 

The  aegirine-augite  has  the  optical  characteristics  of 
pyroxene,  a  maximum  extinction  angle  of  67°  between 
C  and  Z,  and  is  pleochroic  from  dusky  yellow  ( f>  Y  6/4) 
to  pale  blue  green  (5  P><i  6/2).  Some  has  a  colorless  augite 
core,  showing  a  smaller  extinction  angle.  Isotropic  mel- 
anite  in  thin  section  is  light  brown  (5  YH  5/4).  Some  of 
the  accessory  apatite  is  unusually  large. 

Syenite  Pegmatite.  Pegmatitic  and  aplitic  rocks  also 
show  an  alkalic  affinity.  The  pegmatite  contains  no  quartz, 
whereas  many  of  the  aplitic  rocks  do  have  quartz.  A 
syenite  pegmatite  (3023),  which  occurs  in  a  small  ir- 
regular dike  about  2\  miles  X.  60°  E.  of  Burro  Spring, 
is  the  coarsest  rock  found  in  the  area.  Yellowish  gray 
(5  IT  8  1  i  anhedral  microperthite  crystals,  oriented  at 
random,  are  commonly  70  by  50  by  .">  millimeters  and  are 
as  much  as  HO  millimeters  long.  The  microperthite  con- 
tains a  large  proportion  of  albite,  and  it  is  slightly 
replaced  by  muscovite  and  calcite.  Spaces  between  the 
large  microperthite  "/rains  are  filled  with  finely  granular 
muscovite,  calcite.  less  albite.  both  euhedral  and  anhedral 
magnetite,  and  very  little  pyrite.  In  syenite  near  the 
pegmatite  there  are  some  veinlets  id'  blue  erocidolite. 

Nordmarkite.  Quartz-bearing  alkalic  leucosyenite,  or 
tiordmarkite  (3024),  has  a  medium-grained  hypidio- 
morphie  texture,  which  contrasts  sharply  with  the  nearby 
trachytoid  coarsely  porphyritic  altered  nepheline-syenite 
(3022).  Many  grains  in  the  nordmarkite  are  elongate 
microperthite  as  much  as  5  millimeters  long  and  2  milli- 
meters wide,  although  the  more  eipiidimensional  grains 
are  about  1.0  millimeter  across.  Most  mafic  grains  are  0.5 
millimeter  or  somewhat  less,  and  a  few  of  the  irregular 
interstitial  quartz  grains  are  as  much  as  0.5  millimeter 
in  the  longest  dimension. 

The  mineral  composition  of  the  nordmarkite  is  shown 
by  the  following  micrometric  analysis  based  on  a  measure- 
ment 146  millimeters  long : 

Percent 
volume 

Microperthite    7<> 

Plagioclnse  (not  in  microperthite) 1<> 

Quartz    3 

Aegirine-augite    5 — 

Sphene.  apatite,  and  magnetite  together  form  much 
less  than  1  percent;  of  these  sphene  is  the  least  scarce. 
The  microperthite  contains  a  large  proportion  of  albite 
inpatches,  veins,  and  rims;  in  some  grains  the  orthoclase 
is  subordinate.  The  quartz  is  clearly  interstitial,  sharply 
angular  in  outline  between  faces  of  microperthite  crystals, 
which  it  does  not  transect  or  replace.  The  quartz,  though 
late  in  the  sequence  of  crystallization,  is  not  hydrot hernial. 
Aegirine-augite  is  accessory  but  it  is  conspicuous  because 
of  the  brilliant  greens  in  thin  section  and  the  peppery 
aspect  in  the  hand  specimen.  The  color  and  the  large 
extinction  angle  (c  A  Z  =  77°)  indicate  that  it  is  high 
in  aegirine. 

Ajrtites.  The  finer-grained  hypidiomorphic,leucocratic, 
largely  quartz-bearing  rocks  that  occur  in  dikes  through 
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the  other  intrusive  rocks  are  aplites  in  the  broadest  sense 
of  the  term  but  not  in  the  stricter  sense  that  requires  a 
saccharoidal  texture  and  always  quartz.  The  close  ge- 
netic relationship  of  the  aplites  to  the  coarser-grained 
alkalic  rocks  is  indicated  by  the  prevalence  of  albite  as  a 
separate  mineral  in  some  or  as  an  abundant  constituent 
of  microperthite  in  most,  and  by  a  little  aegirine-augite. 
In  the  proportions  between  the  feldspars  some  of  the 
aplites  are  equivalent  to  the  coarser-grained  syenite,  and 
others  to  the  coarser-grained  monzonite.  The  principal 
difference  is  the  oversaturation  with  silica. 

Granitic  aplite  (3026)  is  closely  associated  with  the 
abundant  trachytoid  leucosyenite  (3010)  on  the  eastern 
side  of  the  mountain  about  a  mile  north-northeast  of 
Burro  Spring.  The  granitic  aplite,  which  more  precisely 
is  fine-grained  leucogranite,  is  yellowish  gray  (5  Y  7/2) 
and  has  a  few  brown  specks  as  if  from  weathered  pyrite. 
The  texture  is  fine-grained  hypidiomorphic,  in  which 
most  grains  are  about  a  millimeter  or  somewhat  less  in 
diameter,  although  microperthite  grains  are  seriate  up  to 
2.5  millimeters,  and  interstitial  quartz  grains  are  com- 
monly about  0.5  millimeter.  The  mineral  composition,  as 
derived  from  a  micrometric  measurement  221  millimeters 
long,  consists  of  83  percent  microperthite,  16  percent 
quartz,  and  somewhat  more  than  1  percent  iron  oxides 
and  apatite.  The  microperthite  contains  a  large  propor- 
tion of  albite,  which  replaces  also  a  few  grains  of  more 
calcic  plagioclase,  which  were  counted  with  the  micro- 
perthite. 

Another  granitic  aplite  (3027),  or  fine-grained  leuco- 
granite, is  associated  with  the  muscovite  leucosyenite 
(3011).  The  aplite  is  medium  light  gray  (N  6),  becoming 
light  olive  gray  (5  Y  6/1)  where  specked  with  limonite. 
The  texture  is  fine-grained  hypidiomorphic,  consisting  of 
subhedral  microperthite  grains  mostly  between  0.5  and  1.0 
millimeter  except  those  that  are  elongate  as  much  as  1.5 
millimeters,  of  anhedral  plagioclase  grains  0.5  millimeter 
or  less,  and  of  anhedral  quartz  mostly  about  1  millimeter 
across. 

The  mineral  constituents  are  predominant  microper- 
thite, abundant  quartz,  and  less  plagioclase  in  distinct 
grains  that  are  not  part  of  the  microperthite.  The  sparse 
accessory  minerals,  aggregating  a  small  fraction  of  1  per- 
cent, include  aegirine-augite,  sphene,  pyrite  largely  weath- 
ered to  hematite  and  limonite,  and  violet  fluorite.  The 
proportions  of  the  constituents  are  shown  in  the  following 
micrometric  analysis  from  atraverse  72  millimeters  long  : 

Percent 
volume 

Microperthite     51 

Oligoclase 21 

Quartz    28 

The  microperthite,  71  percent,  of  total  feldspars,  con- 
tains a  large  proportion  of  albite,  which  rims  and  irregu- 
larly patches  the  microperthite  and  predominates  in  some 
grains.  Oligoclase  about  Ab84An1(i,  as  determined  by  the 
indices  of  refraction  of  cleavage  fragments,  makes  fine- 
grained aggregates  among  the  microperthite  grains,  and 
a  little  in  microperthite  forms  inclusions  without  the  sys- 
tematic orientation  of  the  perthite  albite.  Some  of  the 
quartz  is  interstitial,  having  straight  edges  in  contact  with 
microperthite  faces,  but  some  transects  microperthite.  In- 
dividual grains  under  crossed  nicols  show  a  faint  mosaic. 
The  interstitial  quartz  is  considered  to  be  an  original  con- 


stituent of  the  rock,  but  some  of  the  other  quartz  may  be 
a  replacement  formed  during  a  stage  when  pyrite  and 
fluorite  were  added. 

Quartz-monzonitic  aplite  (3016),  or  fine-grained  albite 
leuco-quartz-monzonite  forms  dikes  in  aegirine-augite 
monzonite-porphyry  (3017)  2^  miles  northeast  of  Burro 
Spring.  In  the  hand  specimen  it  is  very  light  brownish 
gray  (5  YR  7/1)  weathering  light  brown  (5  YR  6/4), 
and  appears  saccharoidal  from  the  abundant  equidimen- 
sional  anhedral  quartz.  The  texture,  however,  as  shown 
by  thin  section  is  hypidiomorphic  rather  than  saccha- 
roidal, and  consists  of  grains  commonly  0.5  to  1.0  milli- 
meter across.  The  mineral  composition  of  a  specimen  is 
shown  by  the  following  micrometric  analysis  based  on  a 
traverse  170  millimeters  long: 

Percent  volume 

Orthoclasc '■'>'> 

Albite :«» 

Quartz 2(1 

The  orthoclase,  some  of  which  is  incipiently  microperthite 
is  47  percent  of  the  total  volume  of  feldspars,  making  the 
rock  quartz-monzonitic.  The  albite  is  an  original  constit- 
uent of  the  rock,  the  first  grains  having  crystallized  before 
some  of  the  quartz.  A  very  small  quantity  of  accessory 
minerals  consist  of  magnetite  and  biotite.  Some  sericite 
and  muscovite  are  secondary. 

Origin  of  the  Alkalic  Rocks 

The  origin  of  undersaturated  alkalic  rocks  is  a  contrc 
versial  subject  that  has  been  extensively  treated  in  gee 
logic  literature  and  well  summarized  in  petrologies.  Pror 
this  background,  especially  the  writings  of  Dalv  (1933,  pp. 
482-544)  and  Shand  (1949,  pp.  77-85,  312-331),  the  fol 
lowing  explanation  seems  reasonable  for  the  origin  of  tl 
alkalic  rocks  of  the  Quartz  Spring  area.  At  a  late  stage 
in   the   crystallization   of   a  quartz-monzonite   batholith, 
exposed  beyond  the  area,  small  masses  of  residual  magma 
were  injected  relatively  far  into  predominantly  carbonate 
rock,  which  desilicated  the  small  masses  as  they  passee: 
through  the  limestone  and  dolomite,  producing  the  bul 
of  the  syenite.  A  small  part  was  elesilicated  sufficiently  to 
proeluce  nepheline-syenite.  Another  small  part,  in  dike 
through  previously  solidified  syenite,  was  protected  fror 
the  desilicating  carbonate  rock  and  produced  the  norma 
quartz  in  aplite.   All  these  intrusive  rocks  were  altered 
to  a  varied  extent  by  highly  sodic  emanations. 

The  emplacement  of  at  least  some  of  the  intrusive  rock 
was  by  injection.  Three-dimensional  exposures  in  gulches- 
about  500  feet  deep  show  well  that  thick  dikes  and  sills 
crumpled  back  incompetent  beds  and  boweel  the  more  com 
petent  beds.  A  wedging  effect  together  with  marginal 
crumpling,  made  by  a  large  sill,  is  exposed  near  the  canyor 
junction  in  the  northeastern  corner  of  the  area.  In  ma 
sive  country  rock,  as  along  the  eastern  crest  of  the  Par 
mint  Range,  the  irregular  intrusions  were  much  less  ob 
viously  injected,  and  they  may  have  been  controlled  b\ 
irregular  joints. 

Piecemeal  stoping  and  assimilation  seem  in  this  ares 
to  be  minor  results  of  the  forceful  injection  and  not  th( 
main  processes  of  emplacement.  Some  blocks  of  the  coun- 
try rock,  both  marble  and  a  little  (piartzite,  are  cauph 
in  the  syenitie  rock  near  the  borders,  as  exposed  ii 
O'Brien  Canyon  (sec  pi.  1  ),  and  demonstrate  that  piece 
meal  stoping  locally  took  place.  Some  small  inclusions  oi 
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quartzite  more  than  100  feet  from  an  exposed  contact 
probably  were  plucked  from  a  sill's  floor,  which  is  ex- 
posed farther  down  the  canyon.  Within  small  areas  near 
contacts  limestone  xenoliths  exhibit  an  arrested  series  in 
digestion.  Also  the  presence  of  melanite.  as  in  the  fresh 
nepheline-syenite  (3013),  according  to  Shand  (1940,  p. 
307  j  may  be  used  to  prove  assimilation  of  some  limestone. 
The  small  total  amount  of  stopinjr  and  assimilation  at  the 
places  now  exposed  is  indicated  by  the  low  proportion  of 
minerals  rich  in  calcium  and  magnesium  in  the  rocks  as 
a  whole,  and  by  the  leucocratic  rocks  that  are  sufficiently 
well  exposed  in  small  masses  to  show  that  crystal  settling 
does  not  account  for  the  scarcity  of  heavier  minerals.  Tt 
thus  seems  that  assimilation  of  carbonates  where  the  in- 
trusive rocks  solidified  at  the  places  now  exposed  in  the 
Quartz  Spring  area  does  not  adequately  account  for  the 
low  content  of  silica  but  assimilation  may  have  been  more 
effective  during  transit. 

The  percentage  of  silica  was  decreased  also  by  reaction 
with  the  carbonate  wall  rock;  silica  was  contributed  to 
calcium  and  magnesium  silicates  in  the  surrounding  pyro- 
metasomatic  zone.  The  effectiveness  of  this  method  is 
difficult  to  determine,  particularly  at  the  final  location  of 
the  rocks.  There  are  zones  of  silicaled  marble  around  the 
syenitic  rocks,  but  in  the  I'behebe  Peak  quadrangle  there 
are  some  broader  zones  in  contact  with  quartz-monzonite 
in  much  larger  masses.  The  large  masses  beyond  the  area 
more  successfully  maintained  an  equilibrium  between 
the  principal  part  and  the  borders  that  reacted  with 
marble;  whereas  small  masses  isolated  in  marble  in  the 
Quartz  Spring  area  did -not  maintain  equilibrium  with 
the  siliceous  source. 

The  ultimate  effectiveness  of  the  desilication  by  carbon- 
ates probably  was  contingent  on  the  relatively  small  vol- 
ume of  the  Quartz  Spring  syenitic  rocks  and  their 
isolation  from  the  mapmatic  source.  The  passage  of  small 
intrusive  masses  from  the  quartz-monzonite  parent  to 
isolated  places:  in  marble  provided  a  good  opportunity  for 
reaction  with  limestone  and  For  tnequilibrium  with  the 
siliceous  parent.  There  is  no  evidence  to  show,  however, 
which  method  of  reaction  was  more  effective  in  reducing 
the  proportion  of  silica  during  the  passage,  desilication 
by  assimilating  carbonate  rock  or  by  losing  silica  through 
additive  contact-metamorphism  of  the  carbonate  country 
rock.  Irrespective  of  which  process  was  dominant  and 
where  it  took  place,  this  occurrence  emphasizes  again  the 

{  stressing  by  Daly  and  Shand  of  the  close  relationship  of 
limestone  with  dcsilicated  feldspathic  rock.  The  propor- 
tion of  melanite-bearing  syenite  and  nepheline-syenite  is 
small  relative  to  all  the  syenitic  rocks  of  the  area,  and  in 
turn  the  proportion  of  syenitic  rocks  with  respect  to  the 
quartz-monzonite  exposed  in  the  region  is  equally  small 
or  smaller.  The  geologic  map,  structure  sections,  and  par- 
ticularly the  stratigraphy  of  the  Quart'.  Spring  area 
demonstrate  the  abundance  of  limestone  and  dolomite 
in  the  environment  of  the  silica-poor  intrusive  rocks. 

The  alkalic  nature  of  the  rocks  is  here  partly  an  orig- 
inal characteristic  and  partly  a  late  acquisition  (see  Ball, 

;  J 907,  pp.  206-208).  The  normal  late  differentiates  around 
the  margins  of  quartz-monzonite  in  the  Ubehebe  Peak 
quadrangle  are  pegmatites  and  aplites  rich  in  orthoclase 

and  albil  ■  and  i r  in  mafic  minerals.  The  Quartz  Spring 

rocks  originally  were  similar  to  these  but  for  the  loss  of 
silica,  as  orthoclase  and  microperthite  formed  much  of 
the  original  rocks.  At  least  some  of  the  orthoclase  is  mod- 


erately sodie,  about  KT„AbS0  (3013).  and  probably  a  large 
part  was  originally  mieroperthitie.  Some  of  the  albite 
appears  to  be  primary.  Euhedral  feldspathoids,  as  in- 
clusions in  microperthite  and  as  interstitial  grains,  crys- 
tallized early.  Then  soda-rich  solutions  greatly  increased 
the  quantity  of  albite  in  microperthite,  rimming  many 
grains,  leaving  isolated  ragged  patches  of  orthoclase  in 
some,  and  entirely  replacing  others,  forming  an  agpregat*1 
of  completely  oriented  fine-grained  albite  within  the  out- 
line of  the  grain  (see  Anderson.  1!*37.  pp.  59-61  ).  Albite 
formed  replacement  rims  on  more  calcic  plagioclase  and 
in  some  grains  left  only  irregular  cores.  The  sodic  solu- 
tions reacted  with  augite  to  form  coronas  or  entire  grains 
of  aegirine-augite.  The  amphibole,  some  of  which  is  a  deu- 
teric  alteration  of  pyroxene,  is  hastingsite.  The  active  role 
of  late  solutions  is  shown  further  by  muscovite  replace- 
ment of  some  feldspathoid,  orthoclase,  and  biotite,  and  by 
traces  of  pyrite  and  fluorite. 

In  summary,  the  regional  distribution  of  saturated  and 
undersaturated  rocks  in  relation  to  the  distribution  of 
oversat united  quartz-monzonite  and  carbonate  rocks 
favors  the  theory  of  desilication  by  the  carbonate  rocks. 
Syenite  was  produced  from  small  masses  of  a  somewhat 
pegmatitic  differentiate  from  quartz-monzonite,  by  desili- 
cation on  passing  through  Paleozoic  limestones  and  dolo- 
mites, where  virtually  no  circulation  with  the  siliceous 
parent  magma  impeded  equilibrium.  The  small  quantity 
of  uepheline-syenite  formed  where  the  desilication  was 
most  effective.  The  pegmatitic  aspects,  the  trace  of  fluor- 
ite, and  the  deuteric  addition  of  soda  to  the  minerals 
support  the  suggestion  that  the  alkalic  rocks  of  the  Quartz 
Spring  area  were  produced  during  the  late  stage  of  crys- 
tallization of  a  residual  magma  containing  abundant 
fugitive  constituents,  which  were  rich  in  soda. 
ECONOMIC  GEOLOGY* 

To  date,  the  mineral  production  of  the  Quartz  Spring 
area  has  been  confined  to  a  few  hundred  tons  of  tremolite- 
bearin<.'  altered  carbonate  rock  obtained  on  the  northwest 
flank  of  Whitetop  Mountain,  and  marketed  under  the 
commercial  name  asbestos.  In  an  area  immediately  east 
and  south  of  the  upper  part  of  O'Brien  Canyon  siliceous 
veins,  containing  irregularly  distributed  copper  minerals 
and  fluorite,  have  been  prospected  but  not  worked  com- 
mercially. Limestone  and  dolomite  are  widely  exposed, 
but  as  commercial  materials  they  have  attracted  little  in- 
terest because  of  the  lack  of  rail  facilities  and  the  dis- 
tance to   industrial  centers. 

The  only  reported  occurrence  of  nepheline  syenite  in 
California  is  in  the  Quartz  Spring  area.  White-burning 
nepheline  syenite  is  widely  used  in  the  ceramic  industry 
in  the  production  of  whiteware  for  which  its  fluxing 
properties  are  desirable.  Preliminary  tests  were  made  in 
the  University  of  California  Ceramics  Laboratory  to  de- 
termine the  firing  color  of  the  Quartz  Spring  material. 
Colors  resulting  from  the  firing  of  six  random  samples 
ranged  from  light  buff  to  dark  brown  because  of  the  pres- 
ence of  ferruginous  minerals.  The  tests  indicate  that  the 
material  tested  could  not  be  substituted  for  nepheline 
syenite  now  used  in  whiteware.  However  it  is  possible 
that  ceramic  uses  with  less  rigid  color  requirements  could 
be  found  for  this  material.  Further  investigation  is  neces- 
sary to  determine  the  size,  quality,  and  accessibility  of 
the  svenite  bodies. 


•  By  I.aun  n  A.  Wright  and  Thomas  E.  <  Say,  Jr. 
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No  minerals  of  commercial  interest  have  yet  been  noted 
in  the  contact-metamorphic  zones  that,  in  several  places, 
have  developed  in  carbonate  strata  near  syenite  contacts. 
Search  for  tungsten  minerals,  in  particular,  yielded  nega- 
tive results.  A  genetic  relation  between  syenite,  the  altered 
carbonate  rock,  and  the  siliceous  veins  bearing  copper  and 
fluorite,  is  suggested  by  the  restriction  of  all  three  to  the 
northeast  corner  of  the  accompanying  map. 

Copper  and  Fluorite  Deposits.  Most  of  the  siliceous, 
copper-  and  fluorite-bearing  veins  of  the  O'Brien  Canyon 
area  are  contained  in  seven  or  more  claims  which  in  1917 
were  located  by  J.  F.  Berkey  as  the  Silver  Crown  group 
and  are  still  rather  well  marked.  The  deposits  previously 
had  been  prospected  as  early  as  1912  anil  have  since  been 
relocated   several   times   under  various   names. 

The  veins  lie  within  a  north-trending  belt  of  carbonate 
strata  (Tin  Mountain  limestone  and  Perdido  formation) 
bordered  on  the  west,  south,  and  east  by  syenite  and  as- 
sociated intrusive  rocks.  The  veins  range  in  length  from 
a  few  feet  to  as  much  as  700  feet.  Some  are  locally  as  much 
as  25  feet  wide,  but  most  average  less  than  5  feet  in  width. 
Most  strike  northwest  and  dip  moderately  to  steeply, 
ordinarily  to  the  northeast. 

Copper  minerals,  in  quantity  ranging  from  a  trace  to 
several  percent  of  malachite,  azurite,  chrysocolla  and 
bornite,  are  very  erratic  in  distribution.  The  minerals, 
together  with  iron  oxides,  are  disseminated  through  the 
veins  and  also  occur  as  fracture-fillings  and  smears  on 
fracture  surfaces.  For  most  of  their  lengths  the  veins  are 
nearly  barren  of  other  minerals.  The  higher-grade, 
copper-bearing  masses  are  not  large,  rarely  exceeding 
2  or  3  feet  in  thickness  and  20  feet  in  diameter. 

The  fluorite  exists  as  apple-green  or  violet  transparent 
to  subtranslucent  grains  as  much  as  3  inches  in  diameter. 
It  occurs  in  veinlets  and  in  irregular  aggregates  as  much 
as  3  feet  in  diameter.  It  is  generally  most  abundant  in 
the  copper-bearing  parts  of  the  veins,  but  forms  not  more 
than  a  few  percent  of  the  volume  of  such  parts.  Some  of 
the  fluorite  forms  veinlets  and  small  pods  and  lenses  in 
the  carbonate  sediments  and  is  not  associated  with  silica. 

Workings  in  these  copper  and  fluorite  deposits  consist 
mainly  of  shallow  pits  and  cuts.  Three  of  the  veins,  how- 
ever, have  been  prospected  by  limited  underground  work- 
ings shown  by  the  adit  and  shaft  symbols  on  the  accom- 
panying map.  The  adit,  about  75  feet  long  and  trending 
southeastward,  was  driven  in  an  unsuccessful  attempt 
to  intersect  a  small  copper-bearing  vein.  The  vein,  as 
exposed  on  the  surface,  is  about  30  feet  long,  3  feet  in 
maximum  width  and  dips  steeply  eastward.  It  is  a  vertical 
distance  of  about  70  feet  above  the  adit  level.  The  adit 
is  entirely  in  limestone. 

Of  the  two  shafts,  the  more  westerly  is  on  a  copper- 
and  fluorite-brearing  siliceous  vein  about  100  feet  long, 
8  feet  in  maximum  width  and  striking  west-northwest 
and  dipping  gently  north-northeast.  The  incline  is  but 
20  feet  long,  and  follows  the  vein  down-dip  at  an  angle 
of  about  30°. 

The  other  shaft  has  been  sunk  on  the  most  strongly 
mineralized  outcrop  of  a  vein  about  200  feet  long  and  5 
feet  in  average  width.  The  vein  strikes  northwest  and  dips 
about  60  degrees  southwest ;  the  shaft  follows  it  down-dip 
for  a  slope  distance  of  about  35  feet. 


Deposits  of  Tremolite-Bearing  Rock.  Although  small 
amounts  of  long  fiber  chrvsotile  asbestos  are  exposed  in 
several  prospect  pits  none  has  been  mined.  The  material 
mined  and  sold  as  asbestos  is  an  altered  carbonate  rock 
which  contains  varying  percentages  of  tremolite  in  short 
unoriented  fibers.  Shortness  of  fiber  and  presence  of  car- 
bonate impurities  make  this  material  unsuitable  as  filter 
asbestos.  It  is  marketed  as  a  filler  and  is  used  chiefly  in 
building  plaster. 

In  recent  years  22  claims  have  been  located  by  C.  W. 
Lawrence,  1408  (J race  Street,  Bakersfield,  on  deposits 
of  altered  carbonate  rock  discontinuously  distributed 
along  the  East  Crest  from  the  north  side  of  Whitetop 
Mountain  northward  for  at  least  H  miles.  Of  the  known 
deposits,  the  larger  lie  along  the  mountain's  northwestern 
spur.  They  are  the  more  thoroughly  explored  and  the 
site  of  commercial  operations  to  date.  All  are  accessible 
by  a  road  from  the  canyon  west  of  East  Crest.  The  present 
lessee  and  operator  is  Huntley  Industrial  Minerals  Inc 
Bishop. 

Most  of  the  known  material  of  commercial  interest  is 
in  four  lenses  ranging  from  about  150  feet  to  400  feet  long 
and  from  15  to  50  feet  in  maximum  thickness.  Each  ap 
pears  to  strike  east  to  northeast  and  to  dip  moderately 
north  to  northwest.  Each  has  altered  from  carbonate 
rocks  probably  of  the  Ely  Springs  dolomite. 

Operations  to  date  have  centered  about  the  largest  and 
most  completely  altered  lens  which  lies  athwart  the  ridge 
crest,  strikes  east-northeast,  and  dips  about  25°  north- 
northwest  beneath  a  small  knob.  A  dolomite  overburden  on 
the  knob  does  not  appear  to  be  more  than  30  feet  thick 
over  most  of  the  lens. 

The  lens  is  predominantly  very  white,  fine-grained 
layered  rock  composed  mostly  of  magnesian  silicate  min 
erals,  calcite  and  dolomite.  In  an  inspection  of  several 
thin  sections  of  the  rock,  tremolite,  talc,  and  a  mineral 
tentatively  identified  as  serpentine  were  the  silicates 
noted.  The  rock  ranges  from  friable  to  very  tough  and 
from  blocky  to  schistose. 

Most  of  the  rock  consists  of  grains  less  than  0.1  milli 
meter  in  maximum  dimension.  Carbonate  material  ap 
pears  to  comprise  from  one-quarter  to  one-half  of  th< 
rock's  volume.  It  is  rather  evenly  disseminated,  but  also 
occurs  as  irregular  nodules  and  lenses  several  inches  long 
The  tremolite  occurs  in  elongate  grains  which  character- 
istically comprise  plumose  aggregates.  These  aggregates 
commonly  lie  normal  to  the  layering.  In  other  places  they 
parallel  the  layering  and  form  a  schistose  rock.  Radiatinp 
patterns  are  also  common.  Talc,  probably  the  least  abun 
dant  of  the  major  constituents,  is  irregularly  disseminatec1 
through  the  rock,  and  is  probably  a  replacement  both  ol 
carbonate  material  and  of  the  other  silicates. 

The  deposit,  first  opened  late  in  1900,  has  been  operated 
by  open  pit  methods.  Much  of  the  deposit  can  be  remove 
from  the  surface  before  underground  mining  become- 
necessary. 

The  three  other  alteration  lenses  nearby  appear  to  bu 
smaller  and  generally  less  completely  altered  than  tin 
one  described  above.  They  lie  to  the  northeast  of  it ;  al 
four  are  reached  by  the  same  road.  At  several  other  locali 
ties  along  the  northern  part  of  the  East  Crest  carbonat 
strata  have  been  partly  to  thoroughly  silicated.  Thes; 
contain  numerous  prospect  pits  and  trenches,  but  nom 
has  been  actively  mined. 
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Qal,  alluvium  and  older  gravel;  Ct.Tihvipah  limestone;  Crs,  Rest  Spring  shale;  Cp,  Perdido  formation;  Ctm,  Tin  Mountain  limestone; 
Dlb,  Lost  Burro  formation;  Shv,  Hidden  Valley  dolomite;  Oes,  Ely  Springs  dolomite;  Oe,  Eureka  quartzite;  Op,  Pogonip  limestone; 
-Cn,  No.pah   formation;   -Gr,  Racetrack  dolomite;    sy,  syenite   and   associated   intrusive  rocks;  ump,  undifferentated    metamorphic    Paleozoic   rocks. 


